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formation  and  data  from  additional  facilities  were  acquired  through  a  mailed 
survey.  1st  Lt  James  Aldrich  was  the  Air  Force  Project  Officer  and  Nicholas 
J.  olah  was  the  Navy  Project  Officer. 
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SECTION  I 


PROBLEM  DEFINITION 


A.  INTRODUCTION 

As  a  part  of  its  shore  support  establishment,  the  U.S.  Navy 
operates  metal- f inishing  shops  at  more  than  70  activities 
(including  GOCOs).  These  shops  contain  a  variety  of  metal¬ 
finishing  operations  including:  cleaning,  degreasing,  paint 
stripping  and  electroplating.  Of  the  metal-finishing  processes, 
electroplating  contributes  the  highest  pollutant  loading.  The 
total  wastewater  effluent  from  these  metal- f inishing  shops  is 
over  3.6  million  gallons  per  day.  These  waste  discharges  are 
regulated  by  the  U.S.  Environmental  Protection  Agency  (EPA) 
which  requires  that  local  control  standards  be  met  by  June  1984. 
The  disposal  of  hazardous  wastes  generated  by  metal- finishing 
operations,  which  include  wastewater  treatment  sludges  and  spent 
process  solution,  is  also  regulated  by  EPA.  The  disposal  of 
these  wastes  is  costly  and  the  lack  of  permitted  disposal  sites 
places  a  burden  on  the  metal-finishing  activities. 

The  EPA  effluent  limitations  are  based  on  the  application 
of  in-plant  changes  to  reduce  pollutant  generation  and  water  use 
and  the  installation  of  physical/chemical  treatment  systems. 
Some  efforts  have  been  made  in  these  two  areas  at  Navy  metal¬ 
finishing  activities.  For  instance,  most  major  activities 
affected  by  the  regulations  now  have  or  are  planning  for 
physical/chemical  treatment.  However,  to  meet  the  EPA  standards 
by  1984,  some  additional  effort  is  required  in  terms  of  increas¬ 
ing  the  efficiency  of  treatment  processes,  applying  additional 
in-plant  changes  and  adjusting  waste  handling  practices.  Also, 
since  the  operation  of  new  treatment  facilities  will  dramati¬ 
cally  increase  the  volume  of  waste  treatment  sludges  requiring 
disposal,  a  concentrated  effort  must  be  applied  to  minimize 
disposal  problems.  A  summary  of  identifiable  problems  follows. 

B.  EXCESSIVE  WATER  USE 

Excessive  water  use  exists  at  most  Naval  metal-finishing 
activities.  High  water  use  increases  the  operating  cost  of  the 
plating  process,  increases  the  volume  of  wastewater  requiring 
treatment  and  often  causes  poor  pollutant  removal  rates. 

C.  SPENT- PROCESS  SOLUTIONS 

Most  spent- process  solutions  generated  by  Naval  metal 
finishing  activities  are  being  drummed  and  contractor -hauled  to 


private  treatment/disposal  firms.  An  excessive  amount  of 
handling  is  involved  in  drumming  and  shipping  the  wastes  and 
this  presents  safety  problems.  The  cost  of  treatment/disposal 
is  high  as  are  the  administrative  costs  for  shipping  hazardous 
wastes.  A  need  exists  to  reduce  the  generation  rate  of  spent 
solutions  and/or  develop  technologies  or  procedures  for  onsite 
treatment  of  wastes. 

D.  TOTAL  TOXIC  ORGANICS  ( TTO ) 
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Metal— finishing  wastes  are  regulated  for  the  total  toxic 
organics  (TTO)  parameter  which  is  the  sum  of  all  EPA  priority 
pollutant  organics  (113  chemical  compounds).  The  metal- f  inish- 
ing  processes  that  generate  TTO  are  primarily  paint  stripping 
and  degreasing.  When  combined  in  the  sewer  or  at  the  IWTP, 
these  wastes  will  contaminate  other  wastewaters.  The  combined 
wastewater  will  then  be  subject  to  the  regulation.  Currently, 
no  data  exist  to  evaluate  compliance. 

E.  LOCAL  REGULATION 

Most  Naval  metal- f inishing  operations  will  be  required  to 
meet  the  EPA  effluent  standards.  However,  some  activities  may 
be  forced  to  comply  with  more  stringent  standards  imposed  by 
local  or  state  authorities.  Such  standards  may  not  be  achiev¬ 
able  with  the  conventional  chemical  treatment  method. 

F.  SLUDGES 

The  generation  of  waste  treatment  sludges  will  increase  in 
the  near  future  as  more  wastewater  treatment  systems  come 
on-line.  In  many  areas,  disposal  sites  for  these  hazardous 
wastes  are  unavailable  and  the  wastes  must  be  transported  long 
distances.  The  disposal  of  these  sludges  has  been  cited  by  both 
the  Army  and  Air  Force  as  a  major  problem  for  metal-finishing 
activities.  A  need  exists  for  processes  that  reduce  the  volume 
of  hazardous  sludge  and/or  render  it  nonhazardous. 

G.  TECHNOLOGY  APPLICATIONS 

Many  technologies  and  methodologies  are  commercially 
available  for  recovery /treatment  of  wastewaters  and  for  reducing 
waste  generation.  No  single  source  of  information  is  available 
which  provides  operational  details  and  cost  data  on  commercial 
technologies.  As  a  result,  many  technologies  are  repeatedly 
tried  by  military  activities  without  success.  As  an  example, 
conductivity  probes  have  been  installed  in  many  military  shops 
to  reduce  rinse  water  use.  Both  the  Air  Force  and  Army  have 
reported  a  lack  of  success  with  the  probes.  Many  Navy  activi¬ 
ties  have  also  purchased  the  probes  and  found  them  ineffective, 
yet  new  Navy  metal-finishing  facilities  are  presently  installing 
the  same  units.  Therefore,  a  need  exists  for  a  technology 
manual  that  provides  operational  and  cost  details  of  commer¬ 
cially  available  equipment. 
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BACKGROUND 


1.  Water  Pollution  Regulations 

Wastewater  discharges  from  metal- f inishing  operations 
are  regulated  under  the  Clean  Water  Act  of  1977  (Public  Law 
95-217).  The  specific  limits  vary  according  to  whether  an 
industrial  operation  discharges  directly  to  a  waterway  or 
indirectly  through  a  sewage  treatment  facility.  With  only  minor 
exceptions,  Navy  metal- finishing  facilities  are  indirect  dis¬ 
charges.*  Wastewater  treatment  before  indirect  discharge  is 
called  pretreatment.  The  associated  regulations  are  referred  to 
as  pretreatment  standards. 

EPA  has  divided  the  metal-finishing  industry  into  two 
major  sectors:  integrated  and  noni ntegrated.  Integrated 
facilities  are  plants  that,  before  treatment,  combine  electro¬ 
plating  waste  streams  with  significant  process  waste  streams 
from  other  metal-finishing  operations;  nonintegrated  facilities 
are  those  treating  significant  wastewater  discharges  only  from 
operations  addressed  by  the  electroplating  category. 

The  Navy  operates  in  both  modes.  Some  treatment 
systems  only  serve  the  plating  shop  and  possibly  some  small 
wastestreams  (e.g.,  NAS  Alameda)  and  would  be  classified  as 
nonintegrated.  However,  most  bases  have  an  IWTP  which  treats 
all  metal  finishing  and  other  industrial  type  wastes.  Such 
facilities  would  be  classified  as  integrated. 

EPA  has  further  divided  the  metal  industry  into  two 
groups:  captive  and  job  shops.  Captive  shops  are  metal-finish¬ 
ing  facilities  that  own  50  percent  or  more  of  the  materials  they 
process.  Job  shops  are  defined  as  facilities  that  own  less  than 
50  percent  of  the  materials  they  process.  This  division  was 
developed  to  protect  the  small,  independent  firms  from  economic 
burdens  resulting  from  the  regulations.  In  general,  the  regula¬ 
tions  for  job  shops  are  less  stringent.  The  Navy  plating 
operations  are  obviously  captive  facilities. 

By  April  27,  1984,  nonintegrated  facilities  are 
required  to  meet  the  pretreatment  standards  given  in  Table  1, 
except  for  the  total  toxic  organics  (TTO)  parameter  which  must 
be  met  by  July  15,  1986.  Note  that  a  less  stringent  set  of 
standards  has  been  adopted  by  EPA  for  nonintegrated  facilities 
that  discharge  less  than  10,000  gpd.  Integrated  facilities  are 
required  to  meet  these  standards  by  June  30,  1984,  and  also  a 
more  stringent  set  of  standards  (Table  2).  The  compliance  date 


*The  -ii  'i.  inmental  Protection  Manual"  OPNAVINST  6240. 3E  (July 
1977)  lequires  the  disposal  of  wastewater  to  municipal  sewer 
systems  when  economically  feasible. 


TABLE  1 


EXISTING  PRETREATMENT  STANDARDS  FOR 
NONINTEGRATED  FACILITIES  (ELECTROPLATING) 


Plants  Discharging  Plants  Discharging 
>10,000  gal/d  <10,000  gal/d 


Pollutants 

Daily 

Maximum 

(mq/L) 

4-Day 

Average 

(mq/L) 

Daily 

Maximum 

(mq/L) 

4-Day 

Average 

(mq/L) 

Cadmium 

1.2 

0.7 

1.2 

0.7 

Chromium,  total 

7.0 

4.0 

NR 

NR 

Copper 

4.5 

2.7 

NR 

NR 

Nickel 

4.1 

2.6 

NR 

NR 

Lead 

0.6 

0.4 

0.6 

0.4 

Silver 

1.2 

0.7 

NR 

NR 

Zinc 

4.2 

2.6 

NR 

NR 

Total  regulated 
metals  (Cr,  Cu, 

Ni,  Zn) 

10.5 

6.8 

NR 

NR 

Cyanide 

1.9® 

1.0a 

5. 0b 

2 . 7b 

Total  Toxic  Organics 

2.13 

2.13 

4.57 

4.57 

aTotal  cyanide. 

bCyanide  amenable  to  chlorination. 


c 


Total  Toxic  Organics  is  measured  as  sum  o£  113  specific  compounds. 


NOTE:  NR  =  not  regulated 


TABLE  2.  PRETREATMENT  STANDARDS,  BEST  PRACTICAL  TECHNOLOGY, 
AND  BEST  AVAILABLE  TECHNOLOGY  FOR  INTEGRATED 
FACILITIES 


Pretreatment  and 
Effluent  Guidelines 
(mg/L) 

Pollutants 

Daily  Maximum 

30-Day 

Average 

Cadmium 

0.69 

(0.11)a 

0.26 
( 0. 07 )a 

Chromium,  total 

2.77 

1.71 

Copper 

3.38 

2.07 

Nickel 

3.98 

2.38 

Lead 

0.69 

0.43 

Silver 

0.43 

0.24 

Zinc 

2.61 

1.48 

Cyanide,  total 

1.20 

0.65 

Total  toxic  organics 

2.13 

2.13 

Oil  and  grease*5 

52.0 

26.0 

Total  suspended  solids*5 

60.0 

31.0 

aCadmium  limit  for  new  sources. 

^Applies  only  to  effluent  guidelines  for  direct  dischargers. 
pH  limit  for  direct  dischargers  is  6. 0-9.0. 

NOTE:  The  compliance  date  for  indirect  dischargers  (to  POTW) 

is  February  15,  1986;  for  direct  dischargers  the  date  is 
July  1,  1984. 


for  these  stricter  standards  is  July  1,  1984  for  direct  dis¬ 
chargers  and  February  15,  1986  for  indirect  dischargers  (Refer¬ 
ence  1).  For  indirect  discharges,  an  interim  date  of  June  30, 
1984  is  set  for  the  TTO  parameter.  The  compliance  dates  for  the 
metal  finishing  categories  are  summarized  in  Table  3. 

TABLE  3.  COMPLIANCE  DATES  FOR  METAL  FINISHING  FACILITIES 


Electroplating  Standards  (Table  1): 


Cateqorv 


Item 


Date 


Nonintegrated 

Integrated 


Metals  and  CN 


Metals  and  CN 


Metal-Finishing  Standards  (Table  2): 


Category 


Item 


4/27/84 

6/30/84 

7/15/86 


Date 


Indirect  dischargers 


Direct  dischargers 


TTO  (<4.57  mg/1) 
Metals  and  Cyanide 


6/30/84 

2/15/86 

7/1/84 


The  discharge  of  effluents  to  the  navigable  waters  is 
regulated  by  NPDES  permit  issued  to  the  industrial  plant.  NPDES 
permits  are  issued  case-by-case  by  the  authorized  State  agency 
or  EPA,  and  the  concentration  limits  and/or  mass-based  standards 
specified  in  the  permit  are  based  on  the  Federal  standards,  flow 
rate  and  quality  of  receiving  waters. 

Pretreatment  standards  are  enforced  on  a  local  level. 
Municipalities  must  develop  a  pretreatment  program  that  includes 
standards  at  least  as  stringent  as  the  Federal  standards.  The 
programs  are  approved  by  the  States,  if  the  States  have  been 
authorized  by  EPA,  otherwise  they  are  approved  by  the  EPA 
Regional  Office. 

2.  Hazardous  Waste  Regulations 

Regulations  governing  hazardous  wastes  are  a  result  of 
the  Resource  Conservation  and  Recovery  Act  ( RCRA )  of  1976 
(Public  Law  94-580).  RCRA  hazardous  waste  regulations  are 
designed  to  manage  and  control  the  country’s  hazardous  wastes 
from  generation  to  final  disposal. 

The  RCRA  regulations  differ  from  those  concerned  with 
water  pollution  in  that  water  regulations  are  set  to  the 


specific  industry  (for  example,  metal  finishing),  whereas  any 
industries  that  generate,  store,  haul,  or  dispose  of  hazardous 
wastes  must  comply  with  RCRA. 

Under  RCRA,  the  EPA  has  set  strict  definitions  for 
hazardous  waste.  Some,  such  as  electroplating  wastewater 
treatment  sludge,  are  specifically  defined  as  hazardous.  For 
others  not  specifically  listed,  EPA  has  established  a  set  of 
test  criteria  to  determine  if  the  waste  is  hazardous.  A  hazard¬ 
ous  waste,  by  either  definition  or  test,  must  be  stored, 
transported,  and  disposed  of  in  accordance  with  RCRA  hazardous 
waste  regulations.  The  exception  is  if  defined  hazardous  wastes 
checked  by  the  test  criteria  do  not  possess  hazardous  character¬ 
istics,  the  generator  can  petition  EPA  (or  an  authorized  state) 
to  delist  the  waste.  If  delisting  is  successful,  the  generator 
can  then  dispose  of  the  waste  in  a  less  costly  manner.  Some 
electroplating  operations,  including  three  Army  installations, 
have  delisted  their  wastewater  treatment  sludges  (Reference  2) 
and  one  Naval  activity  (Pensacola  NARF)  has  petitioned  EPA  but 
has  not  received  the  delisted  status. 

3.  The  Navy  Plating  Operation 

Electroplating  is  one  of  many  operations  referred 
to  as  metal  finishing.  Metal  finishing  is  used  to  improve 
the  surface  of  a  material  by  various  methods,  including: 

•  Cleaning  (including  pickling) 

•  Depositing  another  metal  on  it  by  chemical 
exchange  (immersion  plating) 

•  Electroplating  another  metal  or  series  of 
metals  (electroplating) 

•  Converting  its  surface  by  chemical  deposition 
(phosphating ) 

•  Coating  it  with  organic  materials  (conversion 
coating) 

•  Oxidizing  by  electrolysis  (including  anodizing) 

The  corresponding  changes  produced  by  these  methods  of 
metal  finishing  on  the  waste  material  serve  to  enhance  the  value 
of  the  treated  item  by  providing  improvements,  such  as: 

•  Corrosion  resistance 

e  Durability 

•  Esthetic  appearance 

e  Electrical  conductivity 


Metal-finishing  processes  are  used  at  more  than  70 
Navy  activities.  The  largest  electroplating  operations  (ex¬ 
cluding  GOCOs )  are  found  at  Naval  Air  Rework  Facilities  (NARF), 
Naval  Shipyards  (NSY),  Naval  Air  Stations  (NAS),  the  Naval 
Ordnance  Station  (Louisville,  KY),  and  the  Naval  Avionics  Center 
(Indianapolis,  IN).  Most  of  these  facilities  operate  a  wide 
variety  of  metal-finishing  operations  to  repair  worn  or  damaged 
parts  or  finish  new  parts  and  are  capable  of  plating  most  common 
metals.  Most  other  Naval  plating  operations  are  an  order  of 
magnitude  or  less  in  size.  Although  some  smaller  facilities  can 
perform  a  variety  of  metal-finishing  operations,  most  perform 
one  or  two  specific  tasks  such  as  the  production  of  printed 
circuit  boards. 

Plating  processes  are  relatively  uniform  with  each 
consisting  of  several  steps  during  which  the  parts  are  immersed 
in  tanks  containing  process  solutions.  After  each  process  step 
the  parts  are  rinsed  in  tanks  containing  water  to  remove  the 
clinging  film  of  plating  chemicals,  which  is  known  as  drag-out. 
A  typical  plating  room  layout,  show ing  process  tanks  and  associ¬ 
ated  rinse  tanks, is  presented  in  Figure  1. 

a.  Hard  Chromium  Plating 

For  NARFs  and  NSYs  the  major  plating  process  is 
usually  hard  chromium  plating.  Hard  chromium  plating  is  the 
name  adopted  by  industry  for  what  might  be  better  termed 
chromium  plating  for  engineering  rather  than  decorative  pur¬ 
poses.  Hard  chrome  is  applied  to  shafts,  gears,  hydraulic 
hardware  and  other  chromium  parts  that  have  been  worn  from 
service.  The  chromium  plate  is  applied  to  increase  the  dimen¬ 
sions  of  the  article.  This  plating  process,  which  is  commonly 
referred  to  as  building-up,  usually  takes  1  or  2  days,  but  can 
require  up  to  a  week  depending  on  the  thickness  of  chromium 
desired.  After  plating,  the  parts  are  machined  to  the  exact 
desired  dimensions  and  polished. 

b.  Corrosion  Protection  Finishes 

As  a  group,  the  various  corrosion  protective 
finishes,  namely  nickel,  cadmium  and  zinc,  are  the  second  most 
widely  used  processes  at  major  Navy  plating  activities. 
A  corrosion  protection  plate,  which  is  very  thin  compared  with  a 
hard  chrome  plate,  takes  only  minutes  to  apply.  Nickel  is  used 
on  new  parts  for  corrosion  and  wear  resistance  as  well  as  for 
salvaging  worn  or  mismachined  parts.  In  the  latter  case,  nickel 
is  applied  like  hard  chromium  through  the  building-up  process. 
Cadmium  and  zinc  are  used  when  the  principal  aim  is  protection 
of  the  substrate,  usually  iron  or  steel.  Cadmium  is  far  more 
expensive  than  zinc  and,  therefore,  in  most  industrial  applica¬ 
tions  zinc  is  preferred.  However,  cadmium  has  several  distinct 
advantages  over  zinc  that  are  important  to  Navy  applications: 
(1)  it  is  superior  to  zinc  in  resistance  to  salt  atmospheres. 


(2)  its  corrosion  products  are  not  bulky,  hence  do  not  interfere 
with  functional  moving  parts  as  do  those  of  zinc,  and  (3)  it  is 
relatively  easily  soldered  compared  with  zinc. 

Many  Naval  plating  operations,  including  some  of 
the  smaller  shops,  employ  the  chromic  acid  anodizing  process. 
This  process,  which  is  termed  conversion  coating  rather  than 
plating,  is  used  to  develop  a  protective  film  on  aluminum. 

c.  Printed  Circuit  Board  Production 

An  operation  found  at  many  Navy  activities  is  the 
production  of  printed  circuit  boards.  The  boards,  which  are 
used  in  various  electronics  applications,  usually  require  both 
electroless  plating  and  electroplating.  In  electroless  plating, 
the  metal  is  deposited  from  a  solution  by  means  of  a  chemical 
reducing  agent  rather  than  by  an  electric  current.  The  primary 
metals  deposited  on  printed  circuit  boards  include:  copper, 

lead,  silver  and  gold. 

d.  Other  Processes 

Many  other  plating  and  metal- f inishing  processes 
are  used  at  Naval  activities.  Approximately  30  processes  were 
identified  in  a  recent  NCEL  survey  (Table  4).  In  addition  to 
those  previously  mentioned,  the  other  processes  most  often  found 
ares  conversion  coating:  phosphating  (a  preparation  step  for 

painting)  and  chromating  (similar  to  anodizing  but  applied  to 
elect rode posited  cadmium  or  zinc):  etching  (a  conditioning  step 
for  parts  prior  to  plating);  and  bright  dip  (a  nonelectrolytic 
solution  used  to  produce  a  bright  surface). 

One  plating  process  which  varies  considerably  from 
the  usual  plating  methods  is  brush  plating.  This  process,  which 
was  identified  at  seven  Navy  activities  during  the  NCEL  survey, 
generally  does  not  produce  a  wastewater  effluent.  Brush  plating 
is  performed  using  a  small  pad  which  is  saturated  with  plating 
solution.  The  pad  is  attached  to  an  anode  rod  and  the  part 
being  plated  acts  as  a  cathode.  Most  metals  can  be  plated  using 
the  brush  process  which  is  generally  used  for  repair  work  when 
small  areas  are  being  plated.  It  is  not  practical  for  large- 
scale  plating  operations.  A  major  application  of  this  process 
for  military  work  is  the  repair  of  damaged  printed  circuit 
boa  rds . 

4.  Wastewater  Generation 

Contaminants  in  the  effluent  from  electroplating  shops 
originate  in  several  ways.  The  most  obvious  source  of  pollution 
is  the  drag-out  of  various  processing  baths  into  subsequent 
rinses.  The  amount  of  pollutants  contributed  by  drag-out  is  a 
function  of  such  factors  as  the  design  of  the  racks  or  barrels 
carrying  the  parts  to  be  plated,  the  shape  of  the  parts,  plating 
procedures,  and  several  interrelated  parameters  of  the  process 
solution,  including  concentration  of  toxic  chemicals,  tempera¬ 
ture,  viscosity,  and  surface  tension. 
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TABLE  4.  PROCESSES  AND  RESULTANT  WATER  USE  AT  NAVAL  PLATING  ACTIVITIES 
(OONOLUEED) 


With  conventional  rinsing  techniques,  drag-out  losses 
from  process  solutions  result  in  large  volumes  of  rinse  water 
contaminated  with  relatively  dilute  concentrations  of  cyanide 
and  metals.  In  private  industry,  rinse  waters  that  follow 
plating  solutions  typically  contain  10  mg/1  to  1000  mg/1  of  the 
metal  being  plated.  The  higher  concentrations  are  observed  with 
countercurrent  rinsing  which  reduces  water  use  and  results  in  a 
more  concentrated  wastewater. 

Most  industrial  plating  shops  operate  several  plating 
lines  that  contain  different  types  of  cleaning  and  electro¬ 
plating  baths,  such  as  zinc,  copper,  nickel,  cadmium,  and 
chromium.  The  combined  rinse  waters  dilute  the  concentrations 
of  individual  metals,  usually  within  the  range  of  1  mg/1  to  100 
mg/1  (see  Table  5). 

The  rinse  water  from  Navy  plating  appears  to  be  much 
more  dilute,  owing  to  higher  water  use  rates  and  the  lack  of 
countercurrent  rinsing.  For  instance,  a  survey  conducted  at  the 
Naval  Avionics  Center,  Indianapolis,  IN,  showed  that  metal 
concentrations  averaged  less  than  1  mg/1  for  all  of  the  common 
plating  metals.  (Reference  3)  A  contractor's  survey  of  plating 
wastes  from  Long  Beach  NSY  indicated  that  all  parameters  were 
less  than  2  mg/1  (Reference  4).  Monitoring  data  from  the  Naval 
Surface  Weapons  Center,  White  Oak,  Maryland,  shows  that  concen¬ 
trations  for  all  metals  except  lead  (0.47  mg/1 )  were  below  0.2 
mg/1  (see  Table  5). 

Discarded  process  solutions  are  another  source  of 
wastewater  in  the  plating  shop.  They  are  either  discharged  into 
the  sewer  or  drummed  and  hauled  to  treatment.  These  solutions 
are  primarily  spent  alkaline  and  acid  cleaners,  used  for  surface 
preparation  of  parts  before  electroplating  and  stripping  solu¬ 
tions  used  to  remove  metal  deposits  from  rejected  or  damaged 
parts.  These  solutions  are  not  formulated  with  metals;  however, 
a  few  cleaners  and  many  strippers  contain  cyanide.  The  amount 
of  pollutants  contained  in  discarded  cleaning  and  stripping 
solutions  varies  considerably  among  plating  shops.  However,  it 
is  not  uncommon  to  find  cyanide  and  heavy  metals  in  concentra¬ 
tions  of  several  thousand  milligrams  per  liter  in  cleaner  solu¬ 
tions.  This  contamination  is  caused  by  drag-in  from  previous 
process  cycles  and  attack  of  the  base  metals  by  the  chemicals  in 
the  cleaning  solutions.  The  concentration  of  metals  and  cyanide 
in  stripping  solution  usually  exceeds  50,000  mg/1. 

Plating  baths  and  other  process  solutions  containing 
high  metal  concentrations,  such  as  chromates,  are  rarely  dis¬ 
carded  in  private  industry;  however,  many  Navy  plating  shops 
discard  such  solutions  on  a  regular  basis.  Most  Navy  facilities 
put  concentrated  wastes  in  drums  and  have  them  contractor-hauled 
to  a  permitted  treatment/disposal  site. 

The  percentage  that  each  pollution  source  contributes 
to  the  pollutant  concentration  of  the  final  effluent  can  vary 
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substantially  among  electroplating  shops.  When  spent  cleaners 
are  the  only  disposed  process  solutions,  approximately  equal 
amounts  of  metal  are  contributed  by  rinse  waters  and  batch 
dumps.  However,  when  process  solutions  such  as  chromium  plating 
baths  are  disposed,  an  overwhelming  percentage  of  metal  is 
contributed  by  the  spent  solutions.  For  example,  NCEL  measure¬ 
ments  indicate  that  approximately  116  pounds  of  chromium  are 
lost  to  the  sewer  annually  through  drag-out  of  hard  chromium 
solutions  at  NAS  Pensacola.  At  that  facility,  the  chromium 
baths  are  dumped  occasionally  (contractor-hauled),  usually  once 
or  twice  per  year.  Assuming  an  average  of  1.5  dumps  per  year 
per  hard  chromium  tank,  the  amount  of  chromium  lost  at  Pensacola 
is  over  20,000  lbs.* — 172  times  more  chromium  than  the  drag- 
out.  Although  the  dumped  solution  is  not  treated  at  the  NAS, 
the  costs  of  treatment  and  resultant  sludge  disposal  are  re¬ 
flected  in  the  contractor's  hauling  price. 

The  dumping  of  process  solutions  is  a  major  difference 
in  waste  generation  between  Navy  and  private  industry  plating 
shops.  Many  Navy  shops  dump  process  solutions  (especially 
chromium)  once  or  twice  per  year  compared  to  some  private 
industry  platers  who  can  operate  10  or  20  years  without  a  dump. 
The  Navy  dumps  are  often  performed  on  a  preset  schedule  for 
plating  quality  assurance.  Private  industry  platers  place  more 
emphasis  on  pure  economics;  the  baths  are  maintained  through 
preventive  measures  and  cost-effective  regenerative  procedures. 

5.  Sludge  Generation 

In  addition  to  rinse  waters  and  spent  process  solu¬ 
tions,  a  major  source  of  waste  from  plating  activities  is 
wastewater  treatment  sludges  produced  by  chemical  precipitation 
of  metals  in  rinse  waters  at  activities  with  IWTPs.  Each 
activity  that  generates  sludges  has  them  contractor-hauled  to  a 
hazardous  waste  disposal  site.  The  handling,  transportation  and 
disposal  of  these  wastes  is  regulated  under  RCRA  and  the  sludges 
must  be  disposed  in  permitted  landfills.  In  many  parts  of  the 
country* such  landfills  are  nonexistent  and  the  sludges  must  be 
hauled  long  distances.  The  disposal  cost  is,  therefore,  rela¬ 
tively  expensive.  The  NARF  at  Pensacola  pays  $113.50  per  ton  of 
sludge.  In  1981,  this  amounted  to  an  expense  of  $336,761.  On 
the  basis  of  wastewater  volume,  this  cost  is  approximately 
$5.30  per  1,000  gallons  treated.  Other  activities  report 
similar  or  higher  costs.  The  Puget  Sound  NSY  reports  the 
highest  unit  cost  for  disposal  at  $320  per  ton. 


*5,947  gal/yr  X  300  g/1  X  3.785  1/gal  X  1/454  lb/g  X  1.5 
dumps/yr  *  22,311  lb  Cr/yr 


6.  Wastewater  Treatment 

While  many  major  plating  activities  have  wastewater 
treatment  processes  (see  Table  6),  several  exceptions  exist, 
including  the  Long  Beach  NSY;  Naval  Ordnance  Station,  Louis¬ 
ville,  KY;  and  the  Naval  Avionics  Center,  Indianapolis,  IN. 
Plans  for  waste  treatment  are  currently  underway  at  each  of 
these  locations. 

The  treatment  processes  used  at  the  major  discharge 
activities  are  basically  the  conventional  physical/chemical 
treatment  processes  consisting  of  cyanide  oxidation,  chromium 
reduction,  metals  precipitation  and  sludge  dewatering.  In 
general,  recovery  technologies  have  not  been  applied  to  Navy 
waste  streams  except  for  prototype  demonstrations  and  appli¬ 
cations  of  precious  metal  recovery. 

An  in-depth  discussion  of  waste  treatment  technologies 
is  presented  in  the  Navy  Electroplating  Pollution  Control  Tech¬ 
nology  Assessment  (TA)  Manual  (Reference  5).  That  report  pre¬ 
sents  design  and  cost  information  on  established  or  conventional 
technologies  for  end-of-pipe  treatment,  and  substitute  treatment 
technologies  and  recovery  equipment  that  may  offer  a  cost 
savings.  A  technology  summary  is  presented  in  Section  II. 
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SECTION  II 


ASSESSMENT  OF  THE  STATE  OF  TECHNOLOGY 


A.  GENERAL 

This  section  defines  current  Navy  practice  and  commercially 
available  electroplating  pollution  control  technology.  It  also 
differentiates  between  current  Navy  practice  and  the  typical 
practices  of  private  industry.  The  information  presented  on 
commercially  available  technologies  is  condensed  from  the  TA 
(Reference  5).  The  Navy  data  are  based  on  an  NCEL  survey.  For 
each  case  the  discussion  is  divided  into  five  major  problem 
areas  often  associated  with  electroplating  operations: 

•  Water  conservation 

•  End-of-pipe  treatment 

•  Material  recovery 

•  Spent-process  solutions 

•  Sludge  handling 

To  help  evaluate  available  technologies  (both  commercial 
and  high-R&D  technologies)  a  decision  model  has  been  developed 
that  scores  the  relative  appropriateness  of  each  technology  by 
using  a  common  set  of  criteria.  The  model,  termed  application 
assessment,  is  described  in  this  section  as  are  the  results  of 
the  modeling  exercise. 

B.  CURRENT  NAVY  PRACTICE 

An  NCEL  survey  of  Navy  electroplating  activities  has 
provided  the  major  portion  of  the  available  data  on  current  Navy 
practice.  This  information  has  been  supplemented  with  a  data 
base  provided  by  NAVFAC . 

1.  Water  Conservation 

As  indicated  by  the  NCEL  data  (Tables  4  and  6),  flow 
rates  at  Navy  plating  operations  vary  from  less  than  500  to 
360,000  gpd.  The  differences  in  the  discharge  rates  are  the 
result  of  several  factors.  First,  the  NARFs  and  other  major 
dischargers  are  processing  a  large  volume  of  parts,  many  of 
which  are  large.  Many  of  the  smaller  discharges  are  processing 
small  parts  such  as  printed  circuit  boards  and  have  a  much  lower 
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production  volume.  As  a  result  of  these  differences,  the  sizes 
of  rinse  tanks  and  the  flow  rates  vary.  A  typical  rinse  tank  at 
a  NARF  is  1,000  gal  and  has  a  flow  rate  of  2  to  8  gpm,  while 
rinse  tanks  for  processing  printed  circuit  boards  are  often  less 
than  25  gal  with  flow  rates  less  than  0.5  gpm. 


h: 


Another  factor  which  affects  rinse  water  use  is  the 
configuration  and  use  of  rinse  tanks.  Most  Navy  plating  opera¬ 
tions  use  the  single  overflow  rinse  which  is  inefficient  in 
terms  of  water  use.  The  use  of  multiple-rinse  tanks,  as  de¬ 
scribed  in  the  TA,  can  reduce  rinse  water  use  by  90  percent  or 
more.  However,  the  use  of  multiple-rinse  tanks  is  not  always 
possible  because  multiple  rinses  require  additional  space, 
and  result  in  additional  production  time  since  the  plater  must 
rinse  at  more  than  one  tank. 


Some  water  conservation  devices  such  as  flow  regula¬ 
tors,  air  agitation,  recovery  rinses  and  conductivity  cells  are 
in  use.  The  recovery  rinses  are  only  used  at  two  activities. 
Conductivity  probes  are  used  at  mostly  larger-discharge  activi¬ 
ties.  The  use  of  the  probes  was  discussed  with  plating  person¬ 
nel  at  several  NARFs  and  NSYs;  all  reported  that  the  conduc¬ 
tivity  probes  are  ineffective  in  reducing  water  use.  The 
primary  problem  with  the  units  is  high  maintenance.  It  was  also 
reported  that  the  control  devices  can  be  overridden  by  plating 
personnel, eliminating  any  potential  benefits. 


2.  End-of-Pipe  Treatment 
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Treatment  systems  are  currently  installed  and  operated 
at  most  major  Naval  plating  activities  (see  Table  6).  These 
systems  are  basically  conventional  treatment  processes.  Most 
treatment  facilities  located  at  NARFs,  NSYs  and  other  large 
plating  activities  are  industrial  waste  treatment  plants  (IWTPs) 
which  treat  the  combined  industrial  flows  from  electroplating 
and  other  operations  such  as  machining,  painting,  paint  strip¬ 
ping  and  dry  docks.  Some  Naval  plating  shops  have  their  own 
treatment  facilities  (e.g. ,  Alameda  NAS  and  Charleston  NSY ) . 

Wastewater  from  the  plating  shops  is  generally  segre¬ 
gated  into  three  waste  streams:  chromium,  cyanide,  and  acid/ 
alkali.  However,  some  shops  discharge  a  combined  waste  stream 
to  treatment.  Several  other  design  factors  vary  among  the  Naval 
plating  activities.  Figure  2  diagrams  the  various  types  of 
systems. 


I 


One  of  the  largest  IWTPs,  located  at  Norfolk,  uses 
conventional  treatment,  followed  by  advanced  treatment.  The 
conventional  process  consists  of  cyanide  oxidation,  chromium 
reduction,  metals  precipitation  and  solids  dewatering.  The 
advanced  portion  of  the  system  includes  a  pressure  sand  filter 
for  removing  fine  solid  particles  and  carbon  adsorption  to 
remove  toxic  organics.  The  batch  chromium  reduction  process  can 
also  serve  as  a  phenol  waste  treatment  unit.  The  chemicals  used 
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Figure  2.  Simplified  Diagram  of  Naval  Treatment  System 
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Figure  2.  Simplified  Diagram  of  Naval  Treatment  Systems  (Concluded) 


for  treatment  at  Norfolk  are  typical  of  conventional  treatment 
and  Navy  practice:  hypochlorite  for  cyanide  destruction,  sulfur 
dioxide  for  chromium  reduction,  and  caustic  with  polymer  for 
metals  precipitation. 

While  the  IWTPs  at  Puget  Sound  NSY  and  Norfolk  are 
similar;  several  distinct  differences  exist.  Puget  Sound 
uses  alum  as  a  coagulant  and  has  ion  exchange  following  the  sand 
filters.  The  ion  exchange  was  intended  to  serve  as  a  final 
polishing  step  for  metals  removal;  however,  the  units  have  never 
been  regenerated  and  are  therefore  ineffective.  Finally,  paint 
sludges  are  combined  with  clarifier  underflow  and  dewatered  on 
the  filter  press. 

The  Alameda  NSY  varies  from  the  systems  previously 
discussed  in  that  wastewaters  are  not  segregated  prior  to 
treatment.  That  facility  receives  only  small,  dilute  quantities 
of  cyanide  and,  therefore,  does  not  provide  cyanide  destruction. 
All  wastewaters  are  treated  for  chromium  reduct  ion, then  for 
metals  precipitation.  Alameda  does  not  have  a  dewatering 
device;  therefore,  a  larger  volume  of  sludge  is  produced  then 
normally  expected. 

The  NARF  at  San  Diego  receives  a  large  volume  of  oily 
wastes  and  provides  for  their  separate  treatment  by  using  oil 
skimmers  in  an  equalization  tank  with  dissolved  air  flotation. 
The  effluent  from  the  oil  treatment  system  is  combined  with 
other  industrial  wastes  and  treated  with  the  conventional 
process.  In  this  system,  the  cyanide  wastes  are  segregated, 
treated,  and  combined  with  the  remaining  waste  streams  prior  to 
chromium  reduction.  Sludge  is  dewatered,  using  drying  beds 
rather  than  a  filter  press  or  other  mechanical  device.  The 
climate  of  the  area  and  the  availability  of  space  permit  this 
practice. 

A  new  and  innovative  treatment  system  is  being  con¬ 
structed  at  the  Charleston  NSY  (not  shown  in  Figure  2)  to  serve 
the  new  plating  facility  that  goes  on-line  later  this  year. 
That  system  varies  from  most  Naval  treatment  systems  in  that  it 
is  dedicated  to  the  plating  shop — no  other  waste  streams  will  be 
treated  there.  Another  unique  feature  of  the  system  is  the 
method  of  cadmium  treatment.  Cadmium  plating  at  the  new  shop 
will  be  done  in  an  acid  solution  rather  than  in  the  conventional 
cyanide  bath,  hence,  no  cyanide  wastes  will  be  generated  at  the 
shop  and  cyanide  oxidation  is  not  necessary.  Cadmium  waste  will 
also  be  segregated  so  that  the  cadmium  can  be  precipitated  at 
its  optimum  pH  (i.e.,  where  the  solubility  of  cadmium  is  at  a 
minimum  point).  This  approach  was  used  because  Charleston  is 
faced  with  a  strict  cadmium  limit. 

The  treatment  system  at  the  Pensacola  NARF  also 
contains  an  innovative  process— i  ntegrated  treatment.  Inte¬ 
grated  treatment  is  a  method  of  treating  cyanides  in  the  plating 
process.  The  rinse  immediately  following  the  cadmium  plating 
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bath  contains  a  chemical  rinse  (hypochlorite)  to  oxidize 
the  cyanides.  The  chemical  rinse  water  is  then  continuously 
bled  to  a  cyanide  sump,  located  one  floor  below,  then  pumped  to 
a  treatment  tank.  The  treatment  rinse  water  is  then  normally 
recycled  to  the  rinse  tank. 

Concentrated  cyanide  solutions  are  treated  on  a  batch 
basis  in  a  separate  tank,  next  to  the  integrated  treatment/ 
holding  tank.  These  wastes  are  spills,  drips  and  spent  solu¬ 
tions  which  are  collected  and  pumped  to  the  batch  treatment  tank 
(3,500  gal).  The  treated  cyanide  waste  streams  and  other 
wastewaters  are  discharged  from  the  plating  area  to  the  IWTP 
(not  shown  in  diagram). 

In  general,  the  Naval  treatment  systems  discussed  in 
this  section  can  meet  the  Federal  limitations  for  metals, 
however,  more  stringent  local  standards  may  have  to  be  met  by 
Naval  dischargers.  The  USAF,  for  example,  is  required  to  reduce 
its  metals  and  cyanide  concentrations  well  below  the  Federal 
standards  at  McClellan  AFB  (Reference  6).  Under  such  circum¬ 
stances  the  Navy's  treatment  techniques  for  metals  removal  may 
not  be  sufficient. 

Another  potential  compliance  problem  will  be  en¬ 
countered  with  the  total  toxic  organics  ( TTO )  parameter. 
While  TTO  is  usually  not  a  problem  from  the  electroplating 
processes,  degreasing  and  paint  stripping  can  significantly 
contribute.  As  discussed  in  the  regulatory  section  of  this 
report,  an  initial  TTO  limitation  (4.57  mg/1)  must  be  met  by  all 
Navy  facilities  by  1984  and  a  more  stringent  limitation  (2.13) 
by  1986  (direct  discharges  must  meet  the  more  stringent  standard 
in  1984).  Of  the  Navy  treatment  systems  discussed  in  this 
section,  only  the  Norfolk  NARF  has  a  specific  technology  for  TTO 
removal.  The  other  systems  can  expect  some  incidental  removal 
but  no  direct  and  controllable  method  of  TTO  removal  exists  at 
these  locations.  At  Norfolk  NARF,  as  well  as  other  facilities, 
there  are  not  enough  data  to  validate  compliance  with  TTO. 

3.  Material  Recovery 

Presently  only  three  applications  of  chemical  recovery 
(other  than  precious  metal  recovery)  have  been  installed  or 
are  pending  installation  at  Naval  plating  activities.  The  three 
applications  includes  Li-Con  evaporator  (NARF  Pensacola); 
Innova  Chromenapper  (Puget  Sound  NSY);  and  Eco-Tec  ion  exchange 
(Jacksonville  NAS). 

The  Li-Con  unit  includes  high-vacuum  vapor  compression 
and  waste  heat  modules.  It  was  installed  on  a  hard  chromium 
line  to  recover  chromic  acid  and  recycle  rinsewater.  After  a 
period  of  operation  it  was  discovered  that  an  insufficient 
amount  of  drag-out  is  generated  by  hard  chromium  plating  which 
makes  the  recovery  unit  uneconomical.  The  Li-Con  unit  was 
recently  removed  from  operation,  as  was  the  Eco-Tec  unit. 


The  Innova  Chromenapper  (Reference  5,  p.  307)  was 
recently  purchased  by  Puget  Sound  NSY.  That  unit  will  be 
applied  to  hard  chromium  rinse  waters.  No  data  are  yet  avail¬ 
able  on  its  operation. 

4.  Spent  Process  Solutions 

All  Navy  plating  activities,  except  for  those  using 
only  brush  plating,  generate  spent  process  solutions.  Most 
spent  solutions  are  alkaline  cleaners,  acid  pickles  or  strip¬ 
pers.  These  solutions  are  dumped  regularly,  one  to  four  times 
per  month,  depending  on  use  and  activity  procedures.  Plating 
solutions  are  also  discarded  at  most  activities,  however,  much 
less  often  than  the  cleaners  and  strippers.  Some  activities 
only  discard  solutions  when  they  develop  a  quality  problem  and 
others  dump  solutions  at  scheduled  intervals. 

Three  methods  are  used  by  Naval  plating  activities  to 
dispose  of  spent  solutions.  Most  activities  put  these  wastes  in 
drums  and  have  them  contractor-hauled  for  treatment/disposal. 
These  outside  firms  usually  apply  conventional  treatment  to  the 
wastes  and  concentrate  the  metal  pollutants  into  a  sludge.  The 
cost  of  using  private  firms  is  generally  high.  A  second  method 
of  disposal  is  to  bleed  spent  solution  into  the  IWTP.  This  is 
practiced,  for  instance  at  the  Norfolk  NARF,  where  spent  solu¬ 
tions  are  drummed  and  sent  to  the  IWTP.  The  third  method  of 
disposal  involves  onsite  treatment  at  the  plating  shop.  This 
practice  was  only  observed  at  the  Pensacola  NARF  where  concen¬ 
trated  cyanide  wastes  are  treated  in  a  batch  reactor. 

5.  Sludge  Handling 

Sludge  handling  practices  at  Naval  IWTPs  vary  only 
slightly  between  activities.  Most  sludges  are  generated  during 
chemical  precipitation,  thickened,  dewatered,  then  contractor- 
hauled  to  a  disposal  site. 

As  discussed  previously  the  volume  and  characteristics 
of  Naval  wastewater  vary  considerably  between  activities.  One 
major  factor  that  effects  the  volume  and  characteristics  of  the 
waste  stream  is  whether  or  not  the  plating  wastes  are  combined 
with  other  industrial  wastes  prior  to  treatment.  Most  NARFs  and 
NSYs  combine  wastewaters  from  paint  stripping,  machining,  dry 
docks  and  other  operations.  The  dissolved  and  suspended  solids 
from  these  wastewaters  will  add  to  the  total  hazardous  sludge 
volume.  If  these  wastes  had  been  treated  separately,  the 
resultant  sludge  might  not  be  nonhazardous  and  would  not  require 
disposal  at  an  expensive  permitted  landfill. 

The  choice  of  treatment  chemicals  varies  only  slightly 
between  Navy  treatment  systems.  Most  systems  use  sodium 
hydroxide  and  a  polymer  for  metals  precipitation.  At  least  one 
treatment  system  (Norfolk  NSY)  uses  lime.  Both  lime  and  sodium 
hydroxide  (caustic)  are  considered  to  be  standard  practice. 


although  a  significant  difference  exists  between  the  two  chemi¬ 
cals  in  terms  of  sludge  volume  produced.  As  indicated  in  the 
TA,  lime  can  produce  several  times  more  sludge  than  sodium 
hydroxide . 

Sludge  dewatering  is  important  in  reducing  sludge 
volume.  When  sludge  is  removed  from  the  treatment  process,  it 
contains  98  percent  or  more  water.  For  economical  disposal,  at 
least  70  percent  of  the  water  should  be  removed  prior  to  con¬ 
tractor  hauling.  This  would  reduce  the  sludge  volume  by  more 
than  90  percent. 

Sludge  dewatering  is  used  at  all  major  IWTPs  except 
Alameda  NAS.  Most  IWTPs  use  filter  presses  for  dewatering, 
although  two  treatment  systems  have  drying  beds  (NARF  San  Diego, 
NARF  Pensacola*). 

C.  COMMERCIALLY  AVAILABLE  TECHNOLOGY 

Technologies  available  commercially  and  those  receiving 
a  substantial  R&D  effort  were  described  in  detail  in  the  TA 
manual.  That  information  is  summarized  here  as  per  the  five 
major  problem  areas.  Table  7  highlights  several  important 
aspects  of  each  technology  including:  cost,  state-of-the-art 
technology,  and  advantages/disadvantages. 

TABLE  7.  WORTH  ASSESSMENT  MODEL  DECISION  CRITERIA 


Evaluation  Criteria 


Relative  Value 


Response  Time 

Effect  on  Metal-Finishing  Quality 
Reliability  and  Maintainability 
Manpower  Requirement 
Energy  Demand 
Skill  Requirement 
Facility  Space  Requirement 
Investment  Cost 
Operating  Cost 
Material  Requirements 
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Water  Reduction 


Approximately  90  percent  of  the  water  used  in  a 
plating  shop  is  rinse  water.  Consequently,  the  most  effective 
means  of  reducing  water  use  is  to  alter  rinsing  techniques.  The 
devices  and  methodologies  available  for  conserving  water  in  a 
plating  shop  are  discussed  in  detail  in  the  TA.  These  tech¬ 
niques  can  be  categorized  as  follows: 

•  Multiple-Rinse  Tanks 

-  parallel 

-  countercurrent 

-  recovery  rinse 

•  Flow  Control 

-  flow  regulators 

-  conductivity  probes 

•  Innovative  Rinsing 

-  recycle  rinsing 

-  spray  rinses 

•  Other 

-  air  knives 

-  air  spargers 

Most  private  industry  plating  shops  are  making  some 
use  of  the  available  flow  reduction  measures.  The  most  promi¬ 
nent  techniques  are  countercurrent  rinsing,  recovery  rinses,  and 
flow  regulators.  Very  few  firms  make  full  use  of  all  the 
techniques;  however,  those  that  do  have  been  very  successful 
in  reducing  or  eliminating  wastewater  treatment  needs. 

2.  Chemical  Recovery 

Due  to  the  high  cost  of  raw  materials  and  pollution 
control,  plating  processes  are  being  equipped  with  recovery 
systems  to  reclaim  the  chemical  content  in  the  rinse  water  and 
recycle  a  concentration  of  these  chemicals  to  the  plating  bath. 
Frequently,  the  water  is  also  purified  and  can  be  reused  for 
rinsing. 

A  number  of  technolo lg i es  have  been  used  for  the 
chemical  recovery;  the  one  best  suited  for  an  application 
depends  on  the  type  of  plating  solution  being  recovered.  Figure 
3  summarizes  the  commercially  available  recovery  techniques  and 
the  types  of  bath  they  have  been  applied  to. 

Justification  for  the  investment  in  recovery  systems, 
which  have  minimum  installed  costs  of  $30,000,  is  based  on  the 
savings  in  replacement  chemicals,  waste  treatment  cost  and  waste 
disposal. 
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indicates  applications  that  have  been  commercially  demonstrated  or  proven 
successful  on  full-scale  pilot  system. 

^Low  drag-out  rate  has  limited  applications  of  recovery  technologies. 
Figure  3.  Summary  of  Recovery  Technology  Applications3 


3.  End-of-Pipe  Treatment 

The  current  state  of  the  art  in  electroplating  waste- 
water  treatment  includes: 

•  Chromium  reduction 

•  Cyanide  oxidation 

•  Neutralization/metal  precipitation 

•  Solids  separation 

•  Sludge  dewatering 
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The  most  efficient  approach  is  to  segregate  wastes  containing 
chromium  or  cyanide  and  pretreat  these  wastes  before  mixing  with 
the  balance  of  the  wastewater  in  a  common  neutralization/metal 
precipitation  system. 

Cyanide  oxidation  to  cyanates  and  then  to  C02  and  N~ 
is  usually  accomplished  in  a  two-stage  stirred-tank  reactor  with 
a  suitable  oxidizing  agent,  such  as  chlorine  gas,  sodium  hypo¬ 
chlorite  or  ozone.  Other  approaches  have  used  a  packed  tower  to 
achieve  the  liquid/gas  contact  with  gaseous  reagents.  Chromate 
reduction  is  normally  accomplished  in  a  single  stirred-tank 
reactor  with  sulfur  dioxide  or  sodium  metabisulfite.  Other 
approaches  have  utilized  ferrous  ions  either  from  a  ferrous  salt 
or  formed  by  consumable  iron  electrodes. 

Metal  removal  from  the  combined  stream  is  most  often 
accomplished  by  precipitation  as  metal  hydroxides.  By  adding  an 
acid  or  base,  the  pH  is  adjusted  to  the  point  where  the  metals 
exhibit  minimum  solubility.  Other  metal  precipitation  processes 
use  a  sulfide  compound  to  precipitate  the  metal  as  a  metal 
sulfide.  Following  precipitation,  the  precipitants  are  usually 
flocculated  by  addition  of  a  suitable  organic  polyelectrolyte. 
The  large-particle  floe  is  then  separated  from  the  wastewater 
prior  to  discharge  either  by  clarification  or  filtration.  The 
solids  are  normally  dewatered  and  disposed  of  in  a  permitted 
landfill. 

4.  Spent-Process  Solutions 

In  most  industrial  plating  operations  the  only  process 
solutions  dumped  regularly  are  spent  cleaning  and  stripping 
solutions.  Typically,  these  solutions  are  discarded  by  metering 
them  to  the  treatment  system.  When  they  are  diluted  with  rinse 
water,  their  impact  on  the  treatment  process  is  minimized.  Only 
a  small  percentage  of  private  industry  shops  contractor- hauls 
their  spent  solutions. 

Some  solutions,  including  many  strippers,  contain  high 
concentrations  of  cyanide — up  to  8  oz/gal.  In  such  cases,  con¬ 
ventional  treatment  of  the  solution  is  not  economical.*  An 
effective  method  of  reducing  treatment  costs  and  further  reduc¬ 
ing  the  impact  on  end-of-pipe  (EOP)  treatment  is  to  destroy  the 
cyanide  on  a  batch  basis  before  metering  the  waste  to  the  sewer. 
This  is  currently  being  accomplished  by  at  least  one  plating 
shop,  using  thermal  destruction. 


*1000  gal  of  stripper  solution  containing  8  oz/gal  CN  would 
consume  3,750  lbs  of  chemicals  during  treatment,  resulting  in  a 
cost  of  $1,500. 


.*% 


Batch  dumping  of  plating  solution  is  very  rare  in  the 
private  sector,  except  in  printed  circuit  shops  (spent  copper 
plating  solutions  are  returned  to  the  manufacturer  where  the 
chemicals  are  recycled).  Instead,  two  methods  of  bath  purifica¬ 
tion  are  widely  applied:  preventive  and  curative.  The  follow¬ 
ing  is  a  list  of  commonly  used  methods: 

•  Preventive 

-  filtration 

-  ion  transfer  membranes 

-  ion  exchange 

-  proper  scheduling  of  work 

•  Curative 

-  filtration 

-  chemical  treatment 

-  electrolytic  treatment  ("dummying") 

-  carbon  treatment 

To  minimize  discarding  plating  baths,  private  industry 
platers  install  the  preventive  technologies  and  perform 
frequent  monitoring  of  bath  parameters.  In  most  plating  shops, 
except  for  very  small  ones,  laboratory  equipment  is  used  to  test 
plating  solutions.  The  most  widely  used  test  is  performed  with 
the  Hull  cell. 

To  supplement  the  monitoring  capabilities  of  in-house 
chemists  or  technicians,  private  plating  firms  rely  on  their 
chemical  supply  companies  for  technical  advice.  Often,  these 
technical  representatives  can  provide  the  necessary  trouble¬ 
shooting  required  to  avoid  a  batch  dump.  Such  representatives 
are  backed  by  experienced  laboratory  personnel  and  knowledgeable 
chemists. 

5.  Sludge  Handling 


Practices  in  private  industry  are  essentially  the  same 
as  the  Navy.  Sludges  produced  by  treatment  are  dewatered, 
stored  and  contractor-hauled  to  secure  disposal  sites. 


Some  processes  commercially  available  for  detoxifica¬ 
tion  of  sludges  are  basically,  solidification  processes  which 
stabilize  the  waste  and  prevent  leaching  of  toxic  metals.  By 
using  such  a  process,  a  sludge  generator  can  delist  his  waste 
and  dispose  of  the  material  in  a  common  landfill.  (Actually, 
disposal  requirements  for  delisted  wastes  vary  between  states. ) 
A  number  of  commercial  detoxification  processes  exist  (e.g.  , 
Soliroc®,  Sealosafe®,  Chemfix®).  These  companies  supply  the 
fixation  materials  and/or  perform  the  process.  Also,  non¬ 
commercial  processes  using  Portland  cement,  fly  ash  and  similar 
materials  have  been  employed  by  sludge  generators. 
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The  present  use  of  detoxifying  processes  in  the 
private  sector  is  very  small.  The  reason  this  technology  is 
unexploited  is  that  the  RCRA  hazardous  waste  regulations  have 
only  recently  gone  into  effect.  Also,  only  a  fraction  of  the 
plating  industry  currently  has  installed  waste  treatment  and  is 
generating  sludge.  As  the  need  progresses,  the  use  of  detoxifi¬ 
cation/solidification  technologies  will  increase. 

D.  TECHNOLOGY  APPLICATION  ASSESSMENT 

To  help  evaluate  available  technologies,  an  application 
assessment  model  has  been  prepared  which  scores  and  ranks 
technologies  based  on  a  common  set  of  decision  criteria.  The 
technologies  with  the  highest  scores  are  most  applicable  to  Navy 
activities. 

In  developing  the  model,  10  decision  criteria  were  defined 
and  each  was  given  a  value  based  on  its  relative  importance  in 
the  decision  process.  The  criteria  values  were  selected  such 
that  the  total  of  all  values  equals  one.  For  each  criterion 
several  measures  were  then  defined  which  describe  how  well  a 
technology  satisfies  the  criterion.  Each  factor  was  then  given 
a  value.  For  example,  one  criterion  selected  was  the  response 
time  of  the  technology  in  meeting  compliance  dates.  That 
criterion  was  given  a  value  of  0.1,  i.e.,  10  percent  of  the 
decision  is  based  on  the  ability  of  the  technology  to  meet 
the  regulations  in  a  timely  manner.  Two  measures  were  selected 
and  given  values  to  determine  how  well  the  technology  meets  the 
criteria:  adequate  response  time  (1.0)  and  inadequate  response 

time  (0.0). 


To  determine  the  worth  assessment  score  for  each  technol¬ 
ogy,  the  appropriate  measure  is  selected  for  each  criterion. 
Then,  the  value  of  the  measure  is  multiplied  by  the  value  of  the 
criterion  and  summed  over  all  criteria.  The  decision  model  is 
further  described  in  Figure  4. 


The  criteria  selected  for  the  modeling  exercise  are  pre¬ 
sented  in  Table  7  along  with  the  criteria  values.  Criteria  1 
through  5  are  considered  as  constraints  in  the  decision  process. 
Failure  (a  score  of  0)  in  one  or  more  of  these  criteria  makes 
the  technology  unacceptable.  The  level  of  unacceptability  of  a 
particular  technology  is  equal  to  the  number  of  failures.  In 
the  decision  model,  failure  in  any  of  criteria  1  through  5  gives 
an  overall  score  of  0.0  regardless  of  the  scoring  for  other 
criteria. 


Failure  in  criteria  1-5  may  be  overcome  through  R&D.  For 
instance,  if  a  technology  response  time  is  inadequate  to  meet 
regulatory  deadlines,  then  Navy  R&D  can  be  applied  to  speed  up 
the  technology  development.  Similarly,  manpower  requirements 
may  be  increased  by  the  use  of  a  particular  technology.  How¬ 
ever,  Navy  R&D  may  be  able  to  automate  the  technology  to  the 
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Figure  4.  Diagram  of  Application  Assessment  Decision  Model 


point  where  manpower  requirements  are  the  same  or  less  than  the 
use  of  conventional  technologies.  For  this  reason,  the  technol¬ 
ogy  assessment  scores  were  determined  for  two  cases  for  each 
technology.  In  the  first  case,  the  score  is  determined  using 
the  original  scoring  rules.  In  the  second  case,  potential  R&D 
improvements  are  considered.  If  R&D  can  eliminate  a  failure  the 
score  is  adjusted  accordingly.  This  procedure  aids  in  identify¬ 
ing  which  technologies  will  best  benefit  from  R&D.  The  re¬ 
sults  of  the  second  exercise  are  presented  and  discussed  in 
Section  IV. 

The  results  of  the  technology  assessment  process  are  pre¬ 
sented  in  Table  8,  where  the  technologies  have  been  divided 
into  six  categories:  (1)  in-plant  changes,  (2)  recovery  tech¬ 
nologies,  (3)  cyanide  destruction,  (4)  chromium  reduction,  (5) 
metals  removal,  and  (6)  hazardous  sludge  reduction.  The  rela¬ 
tionship  between  the  five  problem  areas  is  discussed  at  the 
beginning  of  Section  II,  and  the  technologies  selected  for  the 
worth  assessment  exercise  are  described  in  Figure  5.  Additional 
details  of  the  worth  assessment  process  are  presented  in  the 
appendix. 

1.  Technology  Assessment  Scoring 

Most  in-plant  changes  scored  fairly  high  in  the 
application  assessment  model,  indicating  their  appropriateness 
for  Navy  plating  activities.  Each  should  be  considered  on  a 
case-by-case  basis.  Often  two  or  more  of  the  in-plant  changes 
can  be  combined,  such  as  countercurrent  rinsing  with  air  agita¬ 
tion  and  flow  regulations,  to  provide  increased  water  savings. 
Three  in-plant  changes  received  scores  of  .00  because  they 
cannot  be  applied  in  their  current  state  of  development  to  Navy 
plating  activities.  As  discussed  in  Section  IV,  RDT&E  could 
adequately  speed  up  the  response  time  of  these  technologies. 

The  recovery  technologies  all  received  scores  of  .00. 
Failures  of  these  technologies  occurred  in  Criterion  3  (Relia¬ 
bility  and  Maintainability),  Criterion  4  (Manpower  Requirement) 
and  Criterion  5  (Energy  Demand).  (See  the  Appendix  to  find  the 
specific  failure(s)  for  each  technology.)  In  addition  to  these 
failures,  recovery  generally  did  not  score  well  because  these 
technologies  have  high  investment  costs  and  provide  only  a 
minimal  impact  on  operating  costs  (therefore  a  low  ROI).  In  the 
private  sector  where  these  technologies  are  successfully 
applied,  drag-out  rates  are  much  higher  and  the  impact  on 
operating  costs  is  therefore  much  greater  (therefore  providing  a 
high  ROI). 

For  chromium  reduction,  cyanide  oxidation  and  metals 
removal  the  conventional  technologies  received  the  highest 
scores.  Therefore,  under  most  circumstances  the  Navy  should 
apply  the  conventional  technologies.  If,  however,  standards 
become  more  stringent,  the  conventional  techniques  may  not  be 
adequate  and  other  technologies  should  be  considered  on  a 
case-by-case  basis. 


TABLE  8.  APPLICATION  ASSESSMENT  SCORES  OF  TECHNOLOGIES 

AVAILABLE  FOR  NAVY  ELECTROPLATING  POLLUTION  CONTROL 

Application  Level  of 

Technology  Cateqory/Technology  Assessment  Scores8  Unacceptabi lity 


In-Plant  Changes: 


Reusing  Rinse  Water 

.69 

0 

Flow  Regulators 

.67 

0 

Air  Agitation 

.65 

0 

Spray  Rinses 

.65 

0 

Countercurrent  Rinsing 

.63 

0 

Recovery  Rinsing  . 

.60 

0 

Innovative  Hard  Chrome  Plating0 

.00 

1 

Plating  Bath  Purification 

Timer  Rinse  Control0 

.00 

1 

.00 

1 

Conductivity  Cells 

.00 

1 

Air  Knives 

.00 

1 

Recovery  Technologies 

Ion  Transfer 

.0 

1 

Reverse  Osmosis 

.0 

2 

Ion  Exchange 

.0 

2 

Electrodialysis 

.0 

2 

Electrolytic 

.0 

2 

Evaporation 

.0 

3 

Coupled  Transport  Membranes 

.0 

3 

Donnan  Dialysis 

.0 

3 

Chromium  Reduction: 

Sulfur  Compound  Reduction 

.65 

0 

Integrated  Treatment 

.48 

0 

Sacrificial  Iron  Anodes 

.00 

1 

Ferrous  Sulfate 

.00 

1 

Sodium  Borohydride 

.00 

2 

Material  Recovery 

.00 

2 

Cyanide  Oxidation: 

Alkali  Chlorination 

.65 

0 

Integrated  Treatment 

.61 

0 

Electrolytic0 

.56 

0 

Thermal  Oxidation0 

.00 

1 

Ozone 

.00 

1 

Material  Recovery 

.00 

2 

aBased  on  top  score  of  1.0.  See  appendix  for  scoring  criteria 
^Not  in  TA,  see  description  in  appendix. 

cOnly  applicable  to  batch  treatment  of  concentrated  solutions. 


TABLE  8.  APPLICATION  ASSESSMENT  SCORES  OF  TECHNOLOGIES 
AVAILABLE  FOR  NAVY  ELECTROPLATING  POLLUTION 
CONTROL  (CONCLUDED) 


Technology  Category/Technology 

Application 
Assessment  Scores3 

Level  of 
Unacceptabiliti 

Metals  Removal: 

Hydroxide  Precipitation 

.65 

0 

Sulfide  Precipitation 

.58 

0 

Ultrafiltration 

.00 

1 

Electrolytic 

.00 

2 

Ozone 

.00 

1 

Sodium  Borohydride 

.00 

2 

Insoluble  Starch  Xanthate 

.00 

2 

Freeze  Crystallization 

.00 

3 

Hazardous  Sludge  Reduction: 

Sludge  Hashing 

.00 

1 

Solidification 

.00 

2 

Sludge  Aging 

.00 

2 

Sodium  Borohydride  Precipitation  .00 

2 

Heat  Treatment 

.00 

4 

Technical  Problem  Areas 


Technology  Category/ 
Technology 


In-Plant  Changes: 

Innovative  Hard  Chrome  Plating 

Timer  Rinse  Control 

Countercurrent  Rinsing 

Plating  Bath  Purification 

Air  Agitation 

Flow  Regulators 

Air  Knives 

Recovery  Rinsing 

Reusing  Rinse  Mater 

Conductivity  Cells 

Spray  Rinses 


Recovery  Technologies 

Coupled  Transport  Membranes 

Evaporation 

Electrodialysis 

Reverse  Osmosis 

Ion  Exchange 

Electrolytic 

Ion  Transfer 

Donnan  Dialysis 


Chromium  Reduction: 

Integrated  Treatment 
Sulfur  Compound  Reduction 
Sacrificial  Iron  Anodes 
Ferrous  Sulfate 
Sodium  Borohydride 


uyamde  Oxidation: 
Electrolytic 
Integrated  Treatment 
Alkali  Chlorination 
Ozone 

Thermal  Oxidation 


Metals  Removal: 

Hydroxide  Precipitation 
Sodium  Borohydride 
Ozone 

Ultraf iltration 
Insoluble  Starch  Xanthate 
Sulfide  Precipitation 
Electrolytic 
Freeze  Crystallization 


Hazardous  Sludge  Reduction: 

Soltdif ication 

Sodium  Borohydride  Precipitation 
Sludge  Washing 
Heat  Treatment 
Sludge  Aging 


Figure  d.  Relationship  Between  Technical  Problem 
Areas  and  Selected  Technologies 


Integrated  treatment,  now  in  at  the  Pensacola  NARF, 
scored  second  for  chromium  reduction  and  cyanide  oxidation. 
Sulfide  precipitation,  a  technology  applied  by  the  Army,  scored 
second  under  metals  removal. 

Each  of  the  hazardous  sludge  reduction  technologies 
received  a  score  of  .00.  Failures  of  these  technologies  were  in 
Criterion  1  (Response  Time),  Criterion  3  (  Reliability  and 
Maintainability),  Criterion  4  (Manpower)  and  Criterion  5  (Energy 
Demand).  As  discussed  in  Section  IV,  failures  in  Criteria  1,  3 
and  4  can  generally  be  overcome  with  RDT&E. 


SECTION  III 


TECHNOLOGICAL  PROJECTIONS 


A.  PREVIOUS  RESEARCH  AND  DEVELOPMENT 

EPA  and  the  private  sector  took  the  lead  on  electroplating 
pollution  control  R&D  in  the  early  seventies  (Table  9).  At  that 
time  conventional  physical/chemical  treatment  was  already  estab¬ 
lished  as  the  accepted  method  of  wastewater  pollutant  removal. 
However,  the  only  treatment  systems  installed  were  at  locations 
that  directly  discharged  to  waterways. 

The  impetus  for  the  initial  R&D  was  threefold.  First,  EPA 
had  cited  the  electroplating  industry  as  a  major  contributor  of 
toxic  metals  and  cyanide  to  the  environment.  The  EPA  R&D  branch 
in  Cincinnati  (Industrial  Environmental  Research  Laboratory), 
and, to  a  limited  extent,  its  predecessor  in  Edison,  NJ  were 
charged  with  developing  improved  methods  of  control  and  treat¬ 
ment  of  wastewater  pollutants  for  future  use  in  establishing 
sound  regulations  and  enforcement  actions.  Their  interest  was 
in  both  end-of-pipe  ( EOP )  treatment  and  chemical  recovery. 
EPA's  ultimate  goal,  as  shown  in  the  Clean  Water  Act,  was  to 
completely  eliminate  pollutant  discharges. 

A  second  force  behind  early  R&D  efforts  was  the  potential 
marketplace.  Many  pollution  equipment  firms  were  working  to 
improve  the  conventional  physical/chemical  process  and  find  new 
methods  of  end-of-pipe  treatment.  However,  the  greatest  effort 
by  private  industry  was  placed  on  control  technology  through 
recovery  of  plating  chemicals  and  recycling  of  process  waste- 
water.  A  variety  of  electroplating  chemical  recovery  devices 
and  processes  were  developed  in  the  seventies,  including: 
evaporation,  ion  exchange,  electrochemical  technology,  reverse 
osmosis  and  electrodialysis.  Another  focus  of  private  industry, 
spurred  by  environmental  concerns  and  rising  treatment  costs, 
was  the  development  of  low-polluting  plating  solutions,  such  as 
noncyanide  zinc  plating  (ZnCl)  and  alternatives  to  cadmium 
cyanide  plating  chemicals. 

A  third  force  behind  early  R&D  was  the  rising  costs  of 
water,  chemicals  and  energy.  Individual  plating  facilities 
adopted  conservation  measures  previously  considered  uneconomi¬ 
cal.  Methods  and  devices,  such  as  countercurrent  rinsing, 
recovery  rinsing,  flow  regulators,  and  spray  rinses,  were 
finding  their  way  into  the  plating  shops.  New  methods  of 
conservation,  such  as  conductivity  probes,  were  developed  to 
supplement  the  existing  conservation  measures.  The  evolution  of 


conservation  measures  has,  however,  been  less  formal  than  EOP 
and  recovery  technologies.  The  major  reason  for  this  lag  is 
that  conservation  reduces  EOP  and  recovery  needs  and,  therefore, 
reduces  equipment  purchases.  These  conservation  measures  are 
more  procedural  than  equipment-oriented  in  nature;  therefore, 
there  is  no  product  sales  incentive.  Another  key  reason  for  the 
lag  is  that  many  platers  felt  that  these  measures  were  not  part 
of  their  production  processes,  and  basically  ignored  implementa¬ 
tion  for  fear  of  upsetting  production. 

During  the  1980s  research  and  development  efforts  in 
plating  pollution  control  have  subsided  substantially.  Several 
factors  have  caused  the  R&D  slump.  First,  the  major  push  in  the 
seventies  resulted  in  a  large  number  of  commercially  available 
technologies,  reducing  the  potential  market  share  and  making  it 
less  attractive  for  new  ideas.  Second,  since  1977  when  the 
Federal  electroplating  pollution  control  standards  were  first 
proposed,  EPA  changed  the  compliance  dates  and  limitations  four 
times.  This  indecision  by  EPA  has  delayed  sales  in  pollution 
control  equipment,  causing  many  of  the  early  firms  to  abandon 
their  efforts.  Third,  the  EPA  has  curtailed  their  internal  R&D 
work  previously  performed  at  EPA-IERL ,  Cincinnati. 

The  EPA  R&D  slump  in  the  eighties  has  been  cushioned 
somewhat  by  the  R&D  efforts  of  the  military.  Both  the  Army  and 
the  Air  Force  have  taken  active  roles  in  this  area.  The  Army 
started  with  a  joint  EPA  project  to  investigate  the  applica¬ 
bility  of  sulfide  precipitation  as  an  alternative  to  hydroxide 
precipitation.  That  effort  resulted  in  the  construction  of  a 
full-scale  system  at  Tobyhanna,  PA.  The  Air  Force  has  funded 
several  projects  aimed  at  alternatives  to  sulphur- compound 
chromium  reduction  and  hydroxide  precipitation,  as  well  as  work 
with  bath  purification  and  sludge  volume  reduction. 

Over  the  course  of  the  past  12  years,  the  R&D  emphasis  has 
shifted  from  EOP  treatment  and  chemical  recovery  to  hazardous 
waste.  This  change  is  primarily  the  result  of  the  implementa¬ 
tion  of  RCRA  hazardous  waste  regulations.  A  major  target  in 
recent  years  has  been  wastewater  treatment  sludge.  Early  R&D 
efforts  (1978)  were  jointly  conducted  by  EPA  and  the  American 
Electroplaters '  Society.  More  recently,  the  Air  Force  and  Army 
have  taken  the  lead  in  finding  methods  of  reducing  sludge 
volumes  and  rendering  the  wastes  nonhazardous. 

B.  FUTURE  RESEARCH  AND  DEVELOPMENT 

The  current  mission  of  EPA  is  rather  clear.  No  major 
emphasis  will  be  placed  in  the  near  future  on  electroplating 
wastewater  treatment  and  control.  The  final  effluent  regula¬ 
tions  are  based  on  conventional  physical/chemical  treatment. 
Therefore,  their  present  position  is  that  no  new  EOP  technolo¬ 
gies  are  needed.  However,  some  additional  activity  can  be 
expected  from  EPA  on  hazardous  waste  treatment  and  disposal. 
For  instance,  EPA  is  continuing  to  fund  R&D  on  the  recovery  of 
metals  from  electroplating  treatment  sludges. 


The  USAF  is  continuing  to  take  an  active  role  in  electro¬ 
plating  pollution  control  R&D  (Table  9).  They  have  funded  a 
project  to  investigate  methods  of  rejuvenating  exhausted  plating 
solutions  using  selective  ion  exchange.  This  work  may  help  to 
minimize  batch  dumps  of  plating  solutions.  The  effort  is 
focusing  on  the  common  plating  solutions,  including  chromium, 
nickel,  electroless  nickel,  cadmium  and  copper.  The  USAF  is 
also  planning  to  demonstrate  methods  of  improved  EOP  treatment 
and  continue  research  on  reducing  hazardous  sludge  disposal 
costs.  These  demonstrations,  scheduled  for  FY  84-85,  will 
include  the  construction  of  a  portable  pilot  system.  The  sludge 
work  is  focusing  on  methods  of  reducing  the  volume  of  sludge 
requiring  disposal  and  minimizing  its  hazardous  characteristics. 
Several  techniques  have  shown  promise  during  the  initial  work. 

As  discussed  previously,  the  private  sector  has  reduced  R&D 
efforts.  It  appears  that,  for  the  immediate  future,  this  trend 
will  continue.  If  EPA  decides  to  increase  the  stringency  of  the 
electroplating  standards,  a  renewed  emphasis  on  R&D  may  develop. 
However,  this  is  very  doubtful. 


SECTION  IV 


RECOMMENDATIONS  AND  ALTERNATIVES 


A.  GENERAL 

The  purpose  of  this  section  is  to  outline  the  potential 
courses  of  action  for  solving  the  pollution  control  problems 
associated  with  Navy  electroplating  activities.  As  a  basis  for 
discussing  the  alternatives,  the  pollution  problems/needs  have 
been  categorized  and  summarized  as  follows: 

1.  Methods  To  Reduce  Water  Use 

Water  use  at  Naval  electroplating  activities  was  esti¬ 
mated  at  3.6  million  gallons  per  day.  In  terms  of  water  costs 
and  municipal  sewer  charges,  this  amounts  to  approximately  $3.2 
million  per  year.  The  industrial  wastewater  treatment  costs 
(capital  and  operating)  add  significantly  to  this  figure. 
Additionally,  high  water  usage  dilutes  pollutants  and  hinders 
removal  mechanisms. 

2.  Technologies  To  Meet  Federal  Guidelines  for  Metals  and 

Cyanide 

To  meet  the  1984  and  1986  EPA  effluent  limitations, 
Navy  electroplating  activities  must  use  technologies  for  the 
removal  of  cyanide  and  metals.  The  EPA  regulations  are  based  on 
the  use  of  conventional  chemical  treatment.  Some  innovative 
alternatives  exist  which  could  offer  a  cost  savings  in  terms  of 
reduced  chemical  consumption  and/or  reduced  sludge  generation. 

3.  Methods /Technologies  To  Reduce  Frequency/Iropact  of 

Batch  Dumps 

Currently,  the  Navy  discards  spent  process  solutions 
such  as  cleaners,  strippers  and  plating  baths.  At  most  facili¬ 
ties  these  solutions  are  contract-hauled  to  treatment/disposal 
sites.  The  cost  of  treatment/disposal  ranges  from  $0. 25/gal  to 
$3. 00/gal.  The  Navy-wide  cost  to  dispose  of  these  wastes  is 
uncertain  but  could  approach  $1.3  million*  annually.  Treatment 
of  these  wastes  at  IWTPs  is  not  always  possible  since  concen¬ 
trated  wastes  can  upset  the  treatment  process. 


*Based  on  28  major  facilities  (Table  3)  with  an  average  discharge 
of  30,000  gpy  of  concentrated  solution  and  a  transportation/ 
treatment  cost  of  $1. 50/gal. 
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Cleaners  and  strippers  have  limited  life  spans  and  are 
therefore  commonly  discarded.  However,  plating  solutions  can  be 
economically  purified  and  returned  to  service.  The  replacement 
cost  for  baths  varies  considerably,  depending  on  the  type  and 
concentration  of  metal.  For  most  facilities  the  cost  will  equal 
or  exceed  treatment/disposal  costs. 


4.  Technologies  for  Low  Metals  and  Cyanide  Discharge 

The  conventional  treatment  technologies  can  generally 
meet  EPA^  electroplating  discharge  standards.  However,  more 
stringent  standards  may  apply  to  direct  dischargers.  In  addi¬ 
tion,  some  municipalities  may  enforce  stringent  pretreatment 
standards.  Also,  some  treatment  facilities  may  have  difficulty 
in  meeting  the  basic  EPA  regulations  because  of  design  problems, 
chemical  conplexing,  or  waste  variability.  Under  these  circum¬ 
stances,  IWTPs  may  require  some  form  of  additional  control. 

5.  Hazardous  Sludge  Volume  Reduction  Technology 

Sludge  disposal  is  currently  a  problem  for  Naval  IWTPs 
in  terms  of  cost,  the  availability  of  disposal  sites  and  the 
burden  of  regulations.  These  problems  are  expected  to  intensify 
as  the  present  disposal  areas  become  filled. 

The  cost  of  sludge  disposal  varies  between  activities 
primarily  as  a  result  of  the  availability  of  disposal  sites  and 
associated  transportation  costs.  Based  on  disposal  costs  at  the 
Pensacola  NARF  ($5.30  per  1000  gal  of  treated  wastewater),  the 
maximum  Navy-wide  cost  is  approximately  $5.7  million,  annually. 

6.  TTO  Treatment 

TTO  is  not  a  single  compound  but  rather  the  combined 
concentration  of  113  organic  compounds.  As  such,  the  TTO  in  one 
waste  stream  may  require  a  removal  technology  completely  differ¬ 
ent  from  that  of  another.  Currently,  very  few  data  exist  and  a 
determination  of  TTO  conpliance  is  not  possible.  If  TTO  concen¬ 
trations  exceed  the  Federal  standard,  advanced  treatment  may  be 
necessary . 

B.  IDENTIFYING  ALTERNATIVES 

The  application  assessment  decision  model  used  in  Section 
II  has  been  reapplied  as  an  initial  step  in  identifying  alterna¬ 
tive  courses  of  action.  In  the  original  scoring,  many  technolo¬ 
gies  received  a  total  score  of  0  since  there  were  failures  in 
one  or  more  of  Criteria  1  through  5.  The  failure  of  technolo¬ 
gies  to  meet  specific  criteria  may  be  overcome  through  an  ap¬ 
plied  RDT&E  program.  In  reapplying  the  decision  model,  each 
technology  was  reevaluated;  if  R&D  could  reasonably  be  expected 
to  overcome  a  failure,  then  the  score  was  appropriately  ad¬ 
justed.  For  instance,  when  a  technology  received  a  0  score 


because  of  an  inadequate  response  time,  the  application  of  RDT&E 
was  considered  to  speed  up  development.  Similarly,  if  a  tech¬ 
nology  received  a  0  score  because  it  increased  manpower  needs, 
RDT&E  was  considered  since  it  may  be  possible  to  automate  a 
given  process  or  technology  and  eliminate  additional  manpower 
needs.  R&D  could  also  be  expected  to  overcome  reliability  and 
maintainability  problems,  eliminate  quality  impact  or  reduce 
energy  demand.  In  reevaluating  the  score,  each  technology  and 
criterion  were  considered  on  a  case-by-case  basis. 

C.  RDT&E  SCORING 

1.  In-riant  Changes 

The  results  of  the  exercise  are  presented  in  Table  10. 
For  in-plant  changes  three  new  technologies  have  the  highest 
scores:  innovative  hard  chrome  plating,  plating  bath  purifica¬ 
tion  and  the  timer  rinse  control.  Each  of  these  technologies 
had  previously  received  a  score  of  0  because  the  response  time 
was  inadequate. 

2.  Recovery  Technologies 

The  scores  for  recovery  technologies  showed  improve¬ 
ment  after  consideration  of  RDT&E.  The  major  areas  of  improve¬ 
ments  were  in  R&M  and  manpower  requirements.  Several  technolo¬ 
gies  received  nonzero  scores  (ion  transfer,  ion  exchange  and 
electrolytic);  however,  these  scores  were  relatively  low.  The 
low  scores  are,  in  part,  a  result  of  the  high  investment  cost  of 
recovery  technologies,  coupled  with  the  relatively  small  impact 
they  have  on  operating  costs.  In  the  private  sector,  where 
recovery  technologies  are  widely  applied,  plating  production  is 
much  higher  and  as  a  result  considerably  more  drag-out  is 
generated.  With  more  chemicals  to  recover  in  the  private  sector 
the  recovery  technologies  can  have  a  significant  impact  on 
operating  costs  and  the  capital  expenditure  can  therefore  be 
justified.  Under  current  Navy  conditions,  recovery  does  not 
appear  to  be  viable. 

3.  Chromium  Reduction 

The  top  scores  for  chromium  reduction  remained  un¬ 
changed.  The  conventional  method,  sulfur  compound  reduction, 
appears  to  be  the  best  choice,  even  when  RDT&E  is  applied  to  new 
and  innovative  techniques.  The  ferrous  sulfate  process  scored  a 
relatively  high  second  and  may  provide  some  advantages  over  the 
conventional  method  once  it  is  fully  developed.  The  USAF  has 
conducted  basic  research  with  the  ferrous  sulfate  processes  and 
is  planning  an  18-month  demonstration  project,  beginning  in  FY 
84. 


TABLE  10.  RS.D  ASSESSMENT  SCORES  OF  TECHNOLOGIES  AVAILABLE 
FOR  NAVY  ELECTROPLATING  POLLUTION  CONTROL 


R&D 

Level  of 

Technology  Cateqory/Technology  Assessment  Scores 

Unacceptabi li t 

In-Plant  Changes: 

Innovative  Hard  Chrome  Plating 

1.0 

0 

Plating  Bath  Purification 

Timer  Rinse  Control0 

.78 

0 

.73 

0 

Reusing  Rinse  Water 

.69 

0 

Flow  Regulators 

.67 

0 

Air  Agitation 

.65 

0 

Spray  Rinses 

.65 

0 

Countercurrent  Rinsing 

.63 

0 

Recovery  Rinsing 

.60 

0 

Conductivity  Cells 

.00 

1 

Air  Knives 

.00 

1 

Recovery  Technologies 

Ion  Transfer 

.53 

0 

Ion  Exchange 

.50 

0 

Electrolytic 

.48 

0 

Reverse  Osmosis 

.0 

1 

Electrodialysis 

.0 

1 

Evaporation 

.0 

1 

Coupled  Transport  Membranes 

.0 

2 

Donnan  Dialysis 

.0 

2 

Chromium  Reduction: 

Sulfur  Compound  Reduction 

.65 

0 

Ferrous  Sulfate 

.60 

0 

Integrated  Treatment 

.48 

0 

Material  Recovery0 

.48 

0 

Sacrificial  Iron  Anodes 

.00 

1 

Sodium  Borohydride 

.00 

1 

Cyanide  Oxidation: 

Alkali  Chlorination 

.65 

0 

Integrated  Treatment 

Electrolytic*3  . 

.61 

.56 

0 

0 

Thermal  Oxidation*3 

.54 

0 

Ozone 

.53 

0 

Material  Recovery 

.48 

0 

aBased  on  top  score  of  1.0.  See  appendix  for  scoring  criteria. 
^Not  in  TA,  see  description  in  appendix. 

CA11  recovery  technologies  received  a  score  of  .0  because  there 
is  generally  insufficient  drag-out  at  Navy  plating  activities  to 
justify  recovery. 

dOnly  applicable  to  batch  treatment  of  concentrated  solutions. 


TABLE  10.  R&D  ASSESSMENT  SCORES  OF  TECHNOLOGIES  AVAILABLE 
FOR  NAVY  ELECTROPLATING  POLLUTION  CONTROL 
(CONCLUDED) 


Technology  Category /Technology 

Metals  Removal: 

Hydroxide  Precipitation 
Sulfide  Precipitation 
Ozone 

Ultraf i It rat ion 
Sodium  Borohydride 
Electrolytic 

Insoluble  Starch  Xanthate 
Freeze  Crystallization 


Assessment  Scores 


Level  of 
Unacceptabi liti 


Hazardous  Sludge  Reduction: 

Sludge  Washing 
Solidification 
Sludge  Aging 

Sodium  Borohydride  Precipitation 
Heat  Treatment 
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Cyanide  Oxidation 


The  scores  for  cyanide  oxidation  technologies  indicate 
that  RDT&E  can  eliminate  some  barriers  to  the  implementation  of 
innovative  methods.  However,  the  conventional  technology, 
alkali  chlorination,  again  has  scored  the  highest.  The  electro¬ 
lytic  and  thermal  oxidation  techniques,  which  are  only  applic¬ 
able  to  batch  treatment  of  concentrated  solutions,  have  scored 
in  the  moderate  range.  The  application  of  these  techniques 
could  reduce  treatment  and  disposal  costs  of  concentrated 
wastes. 


5.  Metals  Removal 


Again,  the  conventional  technology,  hydroxide  precipi¬ 
tation,  has  received  the  highest  score.  Sulfide  precipitation, 
which  is  currently  used  on  a  full-scale  basis,  was  ranked 
second.  RDT&E  applied  to  innovative  metals  removal  processes, 
such  as  ozone-enhanced  precipitation  or  sodium  borohydride 
precipitation,  can  improve  the  scores  of  these  technologies; 
however,  the  technologies  do  not  show  a  capability  improvement 
above  the  state  of  the  art. 


6.  Hazardous  Sludge  Reduction 

Currently,  no  hazardous  sludge  reduction  technologies 
are  used  by  the  Navy  or  other  branches  of  the  military.  Only 
solidification  is  applied  in  the  private  sector  and  it  is  used 
on  a  very  limited  basis.  A  description  of  the  various  hazardous 
sludge  reduction  technologies  listed  in  Table  10  is  included  in 
the  appendix.  These  technoloiges  were  investigated  in  a  recent 
USAF  R&D  effort. 

As  indicated  by  the  improved  scores,  a  RDT&E  program 
is  expected  to  make  two  of  these  technologies  (solidification 
and  sludge  washing)  viable  for  Navy  application.  The  moderately 
high  scores  indicate  that  the  technologies  could  provide  im¬ 
provements  over  current  Navy  practices.  Specifically,  these 
techniques  reduce  the  volume  of  hazardous  material  that  the  Navy 
must  handle,  transport  and  dispose.  As  a  result,  the  overall 
operating  costs  of  treatment  can  be  significantly  reduced. 


D.  OTHER  PROBLEM  AREAS 

Three  problem  areas  not  specifically  covered  by  the  deci¬ 
sion  model  that  require  consideration  are:  (1)  batch  dumps,  (2) 
stringent  metal  limitations,  and  (3)  total  toxic  organics.  Each 
of  these  areas  may  require  RDT&E  and  they  are  therefore  dis¬ 
cussed  in  this  section. 

1.  Spent-Process  Solutions 

Spent- process  solutions  and  other  concentrated  wastes 
such  as  spills  are  discarded  by  all  Navy  plating  activities.  An 
applied  RDT&E  program  in  the  area  of  bath  purification  can 
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reduce  the  volume  of  spent  solutions  generated  each  year; 
however,  some  solutions  will  still  require  treatment/disposal. 

As  discussed  in  Section  2,  these  wastes  are  most  often  trans¬ 
ported  to  private  treatment/disposal  firms.  In  some  cases,  the 
wastes  are  treated  onsite  at  the  IWTP.  The  cost  of  having  the 
wastes  transported  and  treated  by  a  private  firm  are  extremely 
high,  often  exceeding  $2/gal.  A  safety  hazard  is  also  associ¬ 
ated  with  the  handling  and  transporting  of  the  wastes.  When 
these  wastes  are  treated  onsite,  they  consume  large  amounts  of 
treatment  reagents  and  often  upset  the  normal  treatment  opera¬ 
tion.  Therefore,  less  costly  and  more  reliable  methods  are 
needed. 

Two  technologies,  thermal  oxidation  and  electrolytic 
treatment,  applicable  to  the  destruction  of  cyanide  in  con¬ 
centrated  solutions,  were  evaluated  in  the  decision  model 
Neither  of  these  technologies  are  commercially  available; 
however,  promising  research  results  have  been  obtained.  Treat¬ 
ment  techniques  for  other  concentrated  solutions  containing 
pollutants  such  as  chromium  are  also  needed. 

2.  Stringent  Metal  Limitations 

State  governments  and  local  jurisdictions  have  the 
authority  to  establish  effluent  guidelines.  Since  the  Federal 
guidelines  are  based  on  the  application  of  conventional  treat¬ 
ment,  this  treatment  method  may  be  inadequate  to  meet  the  more 
stringent  standards.  As  an  example,  the  Charleston  Naval  Shipyard 
nas  used  an  innovative  design  to  increase  its  cadmium  removal  and  meet  a  strict 
limitation.  Other  activities  may  find  and  solve  similar  problems. 


RDT&E  efforts  in  this  area  would  only  be  necessary  if 
specific  activities  were  forced  to  meet  limitations  not  attain¬ 
able  with  conventional  technologies.  Therefore,  an  initial 
recommendation  is  to  survey  the  affected  activities  to  determine 
the  expected  limitations  for  1984  and  1986.  If  a  significant 
problem  exists,  then  RDT&E  could  be  employed.  Several  potential 
avenues  for  better  metals  removal  exist,  such  as; 

•  Innovative  end-of-pipe  techniques 

•  Polishing  techniques  added  to  conventional 
treatment 

•  Improved  process  control  using  microprocessors 
3.  Total  Toxic  Organics  (TTO) 

The  TTO  parameter  is  not  directly  generated  by 
electroplating  operations;  however,  associated  processes,  such 
as  degreasing  and  paint  stripping,  can  contribute  significant 
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quantities  of  TTO.  At  most  Naval  act  i  vi  t  i  es,  al  1  industrial 
wastewaters  are  combined  before  treatment  at  an  IWTP.  When 
these  wastes  are  combined,  the  entire  flow  is  subject  to  the  TTO 
limitation. 

Currently  no  data  exist  to  evaluate  the  extent  of  TTO 
contamination  at  Naval  plating  activities.  The  cost  of  TTO 
analysis  ($700  to  $1,000  per  sample)  makes  monitoring  expensive; 
therefore,  routine  analysis  has  not  been  conducted. 

TTO  may  become  the  most  difficult  parameter  for  Navy 
activities  to  meet  from  both  a  technical  and  cost  standpoint. 
It  is  therefore  recommended  that  a  substantial  RDT&E  program  be 
undertaken.  Initially,  it  will  be  necessary  to  determine  the 
number  of  activities  with  TTO-compli ance  problems,  then  deter¬ 
mine  the  sources  of  TTO.  When  examining  TTO  control  methods, 
two  approaches  should  be  considered  (1)  chemical  substitution  of 
toxic  paint  strippers  and  other  chemicals  contributing  TTO,  and 
(2)  TTO  treatment. 

E.  SUMMARY 

A  problem/alternative  matrix  which  summarizes  the  recom¬ 
mended  approaches  is  presented  in  Figure  6.  For  each  problem 
area,  specific  technology  alternatives  have  been  identified. 
For  each  technology  a  level  of  Navy  involvement  has  been 
recommended. 

The  first  level  of  Navy  involvement  is  "do  nothing."  Such 
an  alternative  is  appropriate  when  the  technology  is  readily 
available  and. requires  no  adaption  to  Navy  operations  or  when 
the  technology  is  developing  rapidly  and  is  expected  to  become 
usable  before  a  Navy  RDT&E  program  would  have  significant 
impact. 

The  second  level  of  involvement  is  a  facility  survey.  This 
alternative  is  recommended  when  there  is  not  enough  data  to 
accurately  define  the  extent  of  the  problem. 

The  third  level  of  involvement  is  research  and  development 
( R&D) .  R&D  will  not  be  necessary  for  all  technologies.  In  some 
instances  the  technologies  have  already  been  developed  and  only 
require  customizing  to  Navy  needs  which  is  the  next  level  of 
involvement.  The  final  level  is  testing  and  evaluation. 

1.  Methods  To  Reduce  Water  Use 

Under  a  "do  nothing"  approach,  some  minor  water 
reduction  would  take  place  as  a  result  of  individual  activities 
using  conventional  methods  such  as  flow  restrictors.  However, 
in  most  cases,  water  use  rates  would  remain  unnecessarily  high, 
causing  high  operating  costs  and  affecting  compliance  with  1984 
and  1986  effluent  regulations.  Therefore,  an  active  approach  is 
recommended. 


Da  Survey  Facilities  to  Research  &  Customizing  to  Testing  & 

Need/Alteraat i ve _  Nothing  Est.  Magnitude  of  Problem  Development  Navy  Operations  Evaluation 


Two  methods  of  reducing  water  use  are  suggested:  the 
timer  rinse  control  and  the  innovative  hard  chromium  plating 
process.  Each  technology  has  previously  undergone  development 
in  the  private  sector  but  requires  customizing  for  Navy  applica¬ 
tion  followed  by  testing  and  evaluation. 

2.  Technologies  To  Meet  Federal  Regulations  for  Metals 

and  Cyanide 

The  conventional  technologies  for  cyanide  oxidation, 
chromium  reduction  and  metals  removal  are  best  for  meeting  the 
1984  and  1986  EPA  standards.  These  technologies  are  currently 
employed  by  Navy  activities  and  do  not  require  further  RDT&E . 

Many  innovative  technologies,  in  various  stages  of 
development,  could  be  substituted  for  the  conventional  methods. 
Also,  recovery  technologies  exist  which  can  supplement  end-of- 
pipe  treatment.  However,  based  on  the  decision  criteria  used, 
it  does  not  appear  that  these  technologies  will  benefit  the 
Navy.  Therefore,  a  "do  nothing"  alternative  is  recommended. 

3.  Reduction  of  Frequency/Impact  of  Batch  Dumps 

Batch  dumps  present  problems  to  Navy  activities  both 
in  terms  of  treatment  system  upsets  and  operating  costs.  Under 
a  "do  nothing"  approach  the  high  operating  costs  will  continue 
and  compliance  with  1984  and  1986  effluent  regulations  may  be 
jeopardized.  It  is,  therefore,  recommended  that  the  Navy  take 
an  active  RDT&E  approach  from  two  directions:  (1)  reduce  the 
frequency  of  batch  dumps  through  bath  purification,  and  (2) 
treat  the  dumps  onsite  with  batch  treatment  (e.g. ,  the  use  of  a 
combined  thermal/electrolytic  treatment  should  be  investigated 
for  cyanide  oxidation). 

Since  the  available  data  on  the  generation  rate  of 
spent  solutions  is  rather  meager,  it  is  recommended  that  an 
initial  survey  be  undertaken  to  better  estimate  the  magnitude  of 
the  problem.  Plating  bath  purification  techniques  are  currently 
applied  by  private  industry:  therefore,  R&D  is  not  considered 
necessary.  However,  these  processes  will  require  customizing  to 
Navy  needs,  testing  and  evaluation.  The  batch  treatment  tech¬ 
nologies,  such  as  thermal/electric  oxidation,  will  require  R&D 
as  well  as  testing  and  evaluation. 

4.  Technologies  for  Low  Metals  Discharge 

The  need  to  investigate  new  technologies  is  uncertain 
since  local  and  state  regulations  were  only  recently  formulated. 
A  regulatory  survey  should  therefore  be  conducted  as  an  initial 
step  to  determine  the  number  of  Navy  facilities  that  will 
require  treatment  beyond  the  conventional  process.  If  addi¬ 
tional  metals  removal  is  necessary,  a  "do  nothing"  approach  will 
result  in  compliance  failures  in  1986  when  the  more  stringent 
regulations  would  most  likely  become  effective.  Two  potential 


RDT&E  approaches  include:  (1)  innovative  end-of-pipe  technol¬ 
ogies  and  (2)  polishing  technologies  which  can  be  added  to 
existing  systems. 

Both  the  innovative  end-of-pipe  (e.g. ,  sulfide  pre¬ 
cipitation,  ultrafiltration)  and  polishing  technologies  (e.g., 
ion  exchange)  are  commercially  available  or  have  been  fully 
developed  through  recent  R&D.  However,  customizing  of  these 
technologies  to  Navy  operations  is  expected  to  be  necessary, 
followed  by  a  testing  and  evaluation  effort. 

The  Navy  has  previously  installed  conventional  treat¬ 
ment  at  most  major  plating  activities  or  plans  are  underway  for 
installation.  It  is  likely  that  innovative  end-of-pipe  tech¬ 
nologies  will  require  significantly  different  equipment  than  the 
conventional  processes.  Therefore,  existing  equipment  would  be 
unusable  and  a  major  capital  expenditure  would  be  necessary. 
Also,  considering  the  lag  time  in  major  construction  projects, 
it  is  very  unlikely  that  RDT&E  could  produce  a  timely  solution 
for  1986  or  even  approach  that  deadline.  Therefore,  RDT&E  is 
not  recommended  for  innovative  end-of-pipe  technologies. 

Polishing  technologies  can  be  retrofit  to  conventional 
treatment  systems,  thereby  making  full  use  of  existing  equip¬ 
ment.  The  technologies  could  be  tested  and  evaluated  during  the 
next  2  years  to  allow  for  implementation  by  1986  or  shortly 
after.  For  these  various  reasons,  a  polishing  technology 
approach  is  recommended. 

5.  Technology  for  Control/Removal  of  Total  Toxic  Organics 

As  discussed  previously,  the  extent  of  the  TTO  problem 
is  unknown  and  an  analytical  survey  of  Navy  facilities  is 
recommended. 

The  military  has  a  rather  unique  waste  stream  with 
respect  to  TTO.  The  high  volume  of  rework,  including  paint 
stripping,  is  generally  not  found  in  private  industry.  There¬ 
fore,  the  military  cannot  expect  solutions  to  their  TTO  problem 
to  be  developed  by  the  private  sector.  A  "do  nothing"  approach 
will  most  likely  result  in  noncompliance.  Therefore,  if  TTO  is 
found  at  levels  above  the  1984  and  1986  EPA  limits  or  local  or 
state  standards,  a  full  RDT&E  program  is  recommended. 

Research  on  TTO  reduction  should  focus  in  two  direc¬ 
tions.  First,  after  the  sources  of  TTO  are  identified,  alterna¬ 
tive  process  chemicals  should  be  investigated.  Second,  end- 
of-pipe  methods  for  TTO  should  be  investigated  as  a  means  of 
ultimate  control. 

6.  Hazardous  Sludge  Volume  Reduction  Technology 

Sludge  will  undoubtedly  be  a  major  problem  for  Navy 
plating  activities.  If  a  "do  nothing"  approach  is  selected, 
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plating  activities  will  have  greater  difficulty  in  disposing  of 
hazardous  sludges  and  will  be  forced  to  pay  extremely  high 
rates.  It  is  therefore  recommended  that  an  RDT&E  program  be 
initiated  in  this  area.  The  program  should  be  coordinated  with 
the  USAF  and  Army,  both  of  which  have  already  begun  basic 
research  with  sludge. 


SECTION  V 


TECHNOLOGY  GOALS 


A.  GENERAL 

The  technical  goals  and  required  program  resources  for  each 
RDT&E  effort  outlined  previously  are  presented  in  this  section. 

B.  METHODS  TO  REDUCE  WATER  USE 

Testing  and  evaluation  efforts  are  recommended  to  establish 
the  applicability  of  two  methods  of  reducing  water  flow:  (1) 
timer  rinse  control,  (2)  innovative  hard  chromium  plating 
process. 

1.  Timer  Rinse  Control 

The  use  of  a  demand  rinse-control  system  (see  Appendix 
B  for  description)  will  reduce  flow  rates  at  Naval  plating 
activities  by  75  percent  at  most  facilities  and  result  in  an 
annual  savings  of  $2.43  million*  in  water  costs  and  municipal 
sewer  charges.  For  facilities  without  installed  treatment, 
the  rinse  control  will  decrease  capital  expenditures  by  approxi¬ 
mately  25  percent.**  Facilities  that  currently  have  treatment 
will  benefit  from  additional  pollution  removal. 

The  cost  of  a  rinse- control  system  will  vary  between 
plating  facilities.  The  cost  is  primarily  dependent  on  the 
number  of  rinse  tanks.  The  expected  cost  for  an  average  NARF  or 
NSY  having  20  rinse  tanks  is  about  $10,000,  plus  installation 
(about  $8,000).  On  a  Navy-wide  basis  the  total  cost  will  be  on 
the  order  of  $420,000. 

The  timer  rinse- control  technology  is  not  fully 
commercialized;  however,  a  prototype  system  has  been  installed 
at  a  private  plating  facility.  The  goal  of  this  project  would 
be  to  evaluate  the  potential  water  savings  in  a  Navy  application 


*  3600  tgd  x  .75  x  3.00  $/1000  gal  x  300  days/yr  *  $2.43. 

**Based  on  28  facilities  with  rinse  tanks  (Table  3)  with  an 
average  number  of  16  rinse  tanks  @  $15,000  per  system 
(installed). 


and  develop  a  customized  design, 
profile  to  evaluate  the  technology 

The 

are  as 

milestones  and 
follows: 

fundi ng 

$  X  103 

Mi  lestone 

FY84 

6.2 

6.3 

1.  Select  site  and  survey 
to  establish  baseline 

15 

15 

2.  Make  in-plant  changes 
necessary  to  optimize 
use  of  timer  control 

10 

10 

3.  Prepare  customized  design, 

build  and  install  timer  system 

15 

15 

4.  Monitor  operation  and 
water  use 

15 

15 

5.  Complete  evaluation 

and  disseminate  results 

Totals 

10 

65 

10 

65 

The  funding  profile  indicates  a  total  cost  of  $65,000  to  develop 
and  test  a  prototype  timer  control  customized  to  a  Navy  ac¬ 
tivity.  The  work  could  be  completed  in  FY84  which  would  allow 
for  implementation  prior  to  the  1986  regulations.  The  related 
cost  benefit  to  the  Navy  would  be  payback  within  0.2  years* 
with  a  continued  annual  savings  of  $2.16  million  per  year. 

2.  Innovative  Hard  Chromium  Plating 

The  use  of  the  Reversible  Rack  Two  Bus  Bar  System  (see 
Appendix  for  description)  will  eliminate  rinse  water  discharges 
from  chromium  plating,  which  is  the  most  common  plating  process 
in  the  Navy.  This  process  will  reduce  overall  water  use  at 
Naval  plating  activities  by  an  average  of  about  20  percent.  In 
addition,  it  will  reduce  chromic  acid  losses  through  the  venti¬ 
lation  system.  The  innovative  process  is  expected  to  increase 
substantially  the  rate  of  production  and  the  quality  of  plating. 
When  the  production  rate  increases,  the  number  of  hard  chromium 
tanks  can  be  reduced  by  approximately  50  percent.  Since  these 
tanks  are  constantly  heated  to  approximately  130°F  a  substantial 
energy  savings  will  be  realized.  The  overall  savings  expected 
from  use  of  the  innovative  process  is  $914,000  per  year.  The 
cost  of  implementing  the  changes  is  approximately  $400,000. 


*This  considers  only  the  operating  cost  savings.  It  does  not 
include  a  25  percent  capital  cost  savings  for  facilities  that 
have  not  yet  installed  treatment  equipment. 


The  milestones  and  funding 
Reversible  Rack  2  Bus  Bar  System  are  as 

profile 

follows: 

to  evaluate 

the 

$ 

X  1000 

Milestone 

FY84 

6.2 

6.3 

1.  Select  site  for 
demonstration 

5 

5 

2.  Evaluate  current  method 
in  terms  of  water  use 
and  production  rate 

10 

10 

3.  Redesign  existing 
system  to  employ 
new  process 

15 

15 

4.  Institute  design 
changes  and 
conduct  start-up 

15 

15 

5.  Monitor  system  results 

20 

20 

6.  Complete  evaluation 

and  disseminate  results 
Totals 

15 

80 

15 

80 

The  funding  profile  indicates  a  total  cost  of  $80,000  to  adopt 
the  innovative  hard  chromium  process  to  a  Navy  activity.  The 
work  could  be  completed  in  FY84  which  would  allow  for  imple¬ 
mentation  prior  to  the  1986  regulations.  The  related  cost 
benefit  to  the  Navy  would  be  payback  within  0.5  years  with  a 
continued  annual  savings  of  $0,9  million  per  year. 

B.  REDUCTION  OF  FREQUENCY/IMPACT  OF  BATCH  DUMPS 

Currently  the  Navy  discards  spent  process  solutions  such  as 
cleaners,  strippers  and  plating  baths.  At  most  facilities  these 
solutions  are  contract-hauled  to  treatment/disposal  sites.  The 
cost  of  treatment/disposal  ranges  from  $0. 25/gal  to  $3. 00/gal. 

Cleaners  and  strippers  have  a  limited  life  span  and  are 
therefore  commonly  discarded.  However,  plating  solutions  can  be 
economically  purified  and  returned  to  service.  The  replacement 
cost  for  baths  varies  considerably  depending  on  the  type  and 
concentration  of  metal. 

Two  types  of  solutions  present  the  highest  cost  and  treat¬ 
ment  impact  for  Naval  plating  activities:  cyanide-bearing 
solutions  and  chromium  plating  baths.  Cyanide-bearing  solutions 
include  several  types  of  cleaners,  strippers,  and  plating  baths. 


The  high  cyanide  concentration  of  these  solutions  makes  treat¬ 
ment  expensive  since  it  costs  $3  to  treat  one  pound  of  cyanide. 
At  that  rate,  a  typical  1000-gallon  strip  solution  costs  $1,500 
to  treat.  On  a  Navy-wide  basis,  the  cost  is  approximately  $1 
million. 

Typically,  a  chromium  solution,  the  most  common  solution 
used  by  the  Navy,  costs  $3. 00/gal.  Disposing  of  baths  once  or 
twice  per  year  at  a  NARF  such  as  Pensacola  results  in  the  loss 
of  6,000  gallons  of  chromium  plating  soution  which  contains 
22,311  pounds  chromium.  The  cost  of  this  solution  is  approximately 
$18,000.  On  a  Navy-wide  basis,  the  loss  is  approximately  $1 
mi  11 ion. 

To  reduce  the  frequency  and  impact  of  batch  dumps  two  areas 
of  investigation  are  proposed:  (1)  purification  of  chromium 

plating  solutions,  and  (2)  onsite  batch  treatment  of  cyanide 
plating  solutions. 

1.  Purification  of  Chromium  Plating  Solutions 

One  of  the  main  sources  of  pollutants  in  Naval  plating 
facilities  is  spent  chromium  plating  solutions.  These  solutions 
are  discarded  because  of  fouling  by  bath  impurities  or  are  re¬ 
placed  according  to  a  bath  replacement  schedule.  This  practice 
should  be  eliminated  because  chromium  is  both  expensive  and 
scarce  (a  strategic  metal)  and  because  of  the  high  cost  of 
treatment  and  disposal  of  the  resulting  hazardous  waste. 

Technology  exists  to  purify  and  rejuvenate  fouled 
chromium  solutions,  as  substantiated  by  the  fact  that  chromium 
solutions  are  rarely,  if  ever,  discarded  in  private  industry. 
Purification  techniques  exist  for  removal  of  cation  impurities, 
trivalent  chromium,  oil  and  grease,  sulfates  and  particulate 
matter.  The  Navy  needs  to  assess  why  chromium  plating  solutions 
are  discarded  at  their  various  facilities  and  determine  the 
required  purification  method  to  remedy  the  situation. 

Potential  remedies  include 

•  Cation  exchange  treatment  to  remove  cation 
buildup  (e.g.,  Fe,  Cr  ,  Al,  Cu )  from  the 
plating  solution. 

•  Cation  transfer  membrane  modules  which  are 
placed  in  the  bath  and  extract  cation 
impurities. 

•  Sulfate  removal  by  barium  addition. 

•  Oil  and  grease  and  particulate  removal  by 
diatomaceous  earth  filtration. 

•  Oxidation  of  trivalent  chromium  by 
electrolysis . 


The  technical  goals  of  this  project  are  to  clearly 
identify  the  reasons  for  the  Navy's  high  chromium  plating 
solution  discard  rate  and  to  define  the  best  purification 
technology  to  remedy  the  problem.  Since  commercial  remedies 
do  exist,  identification  of  the  specific  technological  problem 
or  problems  is  imperative  to  ensure  that  the  correct  remedy  will 
result  in  long  chromium  plating  solution  life.  The  milestones 
and  funding  profile  to  achieve  the  goal  of  longer-lasting 
chromium  plating  solutions  follow: 


Milestones 


FY84 


1.  Identify  technological 
reasons  for  excessive 
chromium  plating  solution 
discard  rate 

2.  Identify  remedy  tech¬ 
nologies  available 

3.  Design  test  program 
for  transition  to  6.3 

4.  Initiate  test  program 
of  remedy  technologies 
on  chromium  plating 
solutions 

5.  Complete  test/evaluation; 
disseminate  results 

Totals 


The  funding  profile  indicates  a  total  cost  of  $100,000 
to  develop  and  test  a  prototype  unit.  The  work  could  be  com¬ 
pleted  in  FY  84  which  would  allow  for  implementation  prior  to 
the  1986  regulations.  The  related  cost  benefit  to  the  Navy 
would  be  payback  within  1.2  years  (assumes  technology  unit  cost 
of  $40,000)  with  a  continued  annual  savings  of  $1.22  million  per 
year. 

2.  Electrolytic/Thermal  Oxidation  of 
Concentrated  Cyanide  Solutions 

A  combined  treatment  approach  for  oxidation  of 
cyanides  in  concentrated  solutions  is  a  feasible  method  of 
reducing  treatment  costs  and  minimizing  the  burden  of  batch 
dumps  on  the  end  of  pipe  treatment  processes.  Electrolytic 
oxidation  of  cyanides  is  a  currently  applied  technology.  Its 
widest  use  is  with  recovery  equipment  such  as  the  HSA  electro¬ 
lytic  recovery  cell  (Reference  5).  Thermal  oxidation  of  concen¬ 
trated  cyanide  solutions  has  been  investigated  as  an  alternative 


tO|  conventional  alkali  chlorination  treatment.  The  American 
Electroplaters 1  Society  (AES)  demonstrated  the  process  using  a 
reactor  which  treats  5  5-gal Ion ' drums  of  cyanide  solution  in 
approximately  3  hours. 

Electrolytic/thermal  oxidation  has  a  significant  cost 
advantage  compared  to  alkali  chlorination  for  treatment  of 
concentrated  wastes.  Treatment  of  1000  gallons  of  waste  at 
50,000  mg/1  of  cyanide  would  cost  approximately  $1500, using 
sodium  hypochlorite.  The  energy  required  to  accomplish  the  same 
treatment  is  estimated  to  be  4.5  million  Btu,  or  $50  at  current 
electrical  power  costs.  A  further  advantage  is  that  thermal 
oxidation  requires  no  treatment  chemicals  and  the  associated 
handling  and  storage  equipment. 

The  advantage  of  the  electrolytic/thermal  oxidation 
process  compared  to  electrolytic  oxidation  alone  is  that  it  can 
oxidize  the  cyanides  to  levels  suitable  for  disposal  within  a 
reasonable  time  period.  Electrolytic  oxidation  is  an  effective 
treatment  to  a  residual  concentration  of  500  mg/1  of  CN. 
Further  treatment  is  exceedingly  slow  using  conventional  anode/ 
cathode  process  equipment.  As  shown  in  Table  11,  the  thermal 
process  reaches  low  cyanide  levels  in  2  hours. 


TABLE  11.  CYANIDE  REMOVAL  FROM  ALKALINE  DESCALER 
AT  477 °F  AND  600  LB/IN2  GAUGE 

Total  Cyanide  Concentrations  (mg/L) 


Item 

Batch  Process 

Feed 

50,000 

Reactor  residence 

time  (min): 

0 

12,000 

15 

2,300 

30 

450 

60 

15 

90 

0.6 

120 

0.02 

At  this  time,  no  predesigned  process  equipment  is 
commercially  available  to  provide  this  treatment.  Research 
efforts  should  concentrate  on  development  of  the  equipment  to 
suit  the  Navy’s  needs  in  terms  of  disposal  of  spent  cyanide 
solutions  and  other  concentrated  wastes. 


The  milestones  and 
stated  goals  are  as  follows: 

fundi ng 

prof i le 

$ 

to  achieve 

X  103 

the 

Mi lestones 

FY84  FY85 

6.2 

6.3 

1.  Determine  sources, 

volumes  and  character¬ 
istics  discarded  CN 
solutions 

20 

20 

2.  Compare  Navy  wastes  to 
previous  R&D  situation 
and  develop  design 
criteria 

30 

30 

3.  Design  and  construct 
prototype  unit 

80 

80 

4.  Initiate  test  program 

40 

40 

5.  Complete  test/ 
evaluation  and 
disseminate  results 

Totals 

130 

60 

100 

"50 

60 

180 

The  funding  profile  indicates  a  total  cost  of  $230,000  to 
develop  and  test  a  prototype  unit.  The  work  could  be  completed 
in  FY  85  which  would  allow  for  implementation  prior  to  the  1986 
regulations.  The  related  cost  benefit  to  the  Navy  would  be 
paid  back  within  0.8  years  with  a  continued  annual  savings  of 
$0.97  million  per  year. 

C.  TECHNOLOGIES  FOR  LOW  METALS  AND  CYANIDE  DISCHARGE 

The  conventional  treatment  technologies  are  generally 
capable  of  meeting  EPA's  electroplating  discharge  standards. 
However,  some  activities  may  be  required  to  meet  more  stringent 
standards.  This  will  most  likely  occur  at  activities  that 
direct  discharge,  although  some  municipalities  may  enforce 
stringent  pretreatment  standards.  Also,  some  treatment  facili¬ 
ties  may  have  difficulty  in  meeting  the  basic  EPA  regulations  as 
a  result  of  design  problems,  chemical  complexing,  or  waste 
variability.  Under  these  various  circumstances,  IWTPs  may 
require  some  form  of  additional  control. 

Three  potential  alternatives  have  been  identified  to 
provide  additional  metals  and  cyanide  removals:  (1)  innovative 
end-of-pipe  technologies,  (2)  polishing,  and  (3)  microprocessor 
control. 

Before  initiating  any  R&D  in  this  area,  it  is  recommended 
that  a  regulatory  survey  of  Navy  plating  activities  be  conducted 
to  determine  the  magnitude  of  the  problem.  If  a  very  small 


percentage  of  the  activities  have  regulations  more  stringent 
than  Federal  standards,  then  these  may  be  more  economically 
handled  on  a  case-by-case  basis. 

1.  Innovative  End-of-Pipe  Technologies 

A  variety  of  technologies  have  been  developed  during 
the  last  10  years  that  can  replace  conventional  treatment  and 
provide  better  pollutant  removal.  Generally,  these  technologies 
are  more  expensive  to  install  and  operate  than  conventional 
treatment  and,  therefore,  have  not  been  widely  applied.  Two 
technologies  commercially  available  include  sulfide 
precipitation  and  ultrafiltration.  Another  technology  that  has 
shown  good  promise  is  sodium  borohydride  precipitation.  The 
latter  technology  is  being  developed  by  the  USAF. 

A  "do  nothing"  alternative  is  recommended  since 
commercially  available  technologies  and  other  methods  are 
rapidly  developing  and  are  expected  to  become  usable  before  a 
Navy  RDT&E  program  would  have  significant  impact. 

2.  Effluent  Polishing 

Conventional  treatment  systems  can  be  retrofitted  to 
supply  additional  pollutant  removal.  The  two  primary  technolo¬ 
gies  utilized  for  this  purpose  are  sand  filters,  which  are  used 
at  the  Norfolk  NARF  and  ion  exchange,  which  is  installed  (but 
not  operating)  at  Puget  Sound  NSY. 

Depending  on  the  outcome  of  the  regulatory  survey,  it 
is  recommended  that  a  testing  and  evaluation  program  be  under¬ 
taken  to  determine  the  effectiveness  of  sand  filters  and  ion 
exchange  in  reducing  the  metal  concentrations  of  effluents. 
Testing  could  be  done  at  the  existing  Navy  installations.  The 
milestone  and  funding  profile  to  achieve  this  goal  follows: 

_ $  X  103 _ 

Milestones  FY84  FY85  6.2  6.3 

1.  Regulatory  survey  to  15  15 

determine  extent  of 

compliance  problem 

2.  Identify  potential  5  5 

regulatory  compliance 

problem  pollutants 

3.  Estimate  effectiveness  15  15 

of  existing  technologies 

&  design  test  program 
for  transition  to  6.3 


Milestones 

FY84 

FY85 

6.2 

6.3 

4.  Make  necessary  hardware 

2Q 

30 

50 

changes  and  initiate 
monitoring  at  2  sites 

5.  Complete  test  and 

80 

80 

evaluation  and 
disseminate  results 

110 

130 

Totals 

“55 

35 

The  funding  profile  indicates  a  total  cost  of  $165,000  to  test 
and  evaluate  the  two  technologies.  The  work  could  be  completed 
in  FY  85  which  would  allow  for  implementation  in  1986. 

3.  Microprocessor  Control 

Conventional  chemical  treatment  processes  are  gener¬ 
ally  operated  below  their  optimal  pollutant  removal  levels. 
This  situation  exists  because  the  instrumentation  associated 
with  conventional  systems  cannot  respond  accurately  to  waste 
stream  variability. 

To  improve  the  response  of  treatment  systems  and 
increase  pollutant  removal,  microprocessors  can  be  used  to  sense 
problems  and  respond  appropriately.  A  computer-assisted  treat¬ 
ment  system  is  currently  operated  at  the  Norfolk  NARF.  A  more 
sophisticated  and  less  expensive  microprocessor  has  been  devel¬ 
oped  on  a  joint  EPA-NAMF  project.  The  new  system,  which  con¬ 
tains  less  than  $20,000  in  hardware,  will  be  demonstrated  in 
Summer/Fall  of  1983. 

The  microprocessor  technology  has  been  well  developed? 
however,  it  is  not  yet  commercially  available.  Because  EPA  has 
eliminated  further  R&D  efforts  in  wastewater,  the  final  testing 
and  evaluation  of  the  system  will  not  be  fully  completed. 

An  extension  of  the  EPA  work  by  the  Navy  could  produce 
a  highly  usable  system  that  would  aid  in  treatment  system 
control.  In  addition  to  improving  compliance,  the  system  would 
reduce  treatment  chemical  use  by  minimizing  overdosage.  How¬ 
ever,  a  "do  nothing"  alternative  is  recommended  because  the 
microprocessor  technology  should  receive  rapid  development 
in  the  private  sector. 

D.  TECHNOLOGY  FOR  CONTROL/REMOVAL  OF  TOTAL  TOXIC  ORGANICS 

A  total  toxic  organics  ( TTO )  limitation  (the  sum  of  113 
toxic  organic  compounds)  has  been  set  by  EPA  and  must  be  met  by 
1986.  The  Navy  discharges  TTO  from  paint  stripping  and  degreas¬ 
ing  operations.  When  these  wastes  are  combined  with  electro¬ 
plating  rinse  waters,  the  entire  flow  must  be  treated  for  TTO 
remova  1. 


Currently,  no  data  exist  to  evaluate  the  extent  of  TTO 
contamination  at  Naval  plating  activities.  The  cost  of  TTO 
analysis  ($700  to  $1,000  per  sample)  makes  monitoring  expensive. 
However,  it  is  known  that  paint  strippers  and  degreasing  sol¬ 
vents  used  by  the  Navy  contain  the  toxic  organic  compounds. 

Two  alternative  solutions  for  meeting  the  TTO  limitation 
should  be  considered:  (1)  chemical  substitution,  and  (2)  TTO 
treatment. 

1.  Chemical  Substitution 

The  largest  contributing  source  of  TTO  is  most  likely 
paint  strippers  since  degreasing  units  do  not  directly  discharge 
to  the  wastewater  sewer.  Several  years  ago,  many  Naval  paint 
stripping  operations  were  using  phenolic-based  strip  solutions. 
At  the  time,  the  trend  was  to  avoid  the  use  of  phenol,  and 
alternative  paint  strippers  containing  solvents,  such  as  methyl 
chloride  were  substituted.  Although  both  phenol  and  methyl 
chloride  contribute  to  TTO,  phenol  is  more  easily  and  cheaply 
removed.  At  least  two  Naval  IWTPs  are  capable  of  phenol  removal 
(Norfolk  NARF  and  Puget  Sound  NSY). 

Therefore,  chemical  substitution  may  provide  at  least 
a  portion  of  the  solution.  At  some  activities,  chemical  sub¬ 
stitution  may  be  sufficient  to  meet  TTO  standards.  The  milestone 
and  funding  profile  to  achieve  the  goal  of  TTO  compliance 
through  chemical  substitution  follows: 

$  X  10J _ 


Milestones 


FY8  4  FY85  6.2  6.3 


1.  Evaluate  extent  of  TTO  100 

compliance  problem  and 

identify  TTO  pollutant 
sources 

2.  Identify  substitute  80 

process  chemicals 

3.  Design  test  program  15 

for  transition  to  6.3 


100 


80 

15 


i. 


\ 


I 


4. 


Select  substitute 
chemicals  and  initiate 
test  program 


20 


60 


80 


5. 


Complete  test  and 
evaluation  of  sub¬ 
stitute  chemicals  and 
disseminate  results 
Totals 


80 


80 


140 


160 


69 


I  %  % 


>  •-*  ->s-  •.* 


••■-y viv: 


215 


195 


The  funding  profile  indicates  a  total  cost  of  $355,000  to 
identify  and  test  substitute  process  chemicals.  The  work  could 
be  completed  in  FY  85  which  would  allow  for  implementation  prior 
to  the  1986  regulations. 

If  TTO  treatment  is  avoided  through  chemical  substitu¬ 
tion,  the  savings  will  be  extremely  high.  For  an  average  size 
NARF,  TTO  treatment  would  cost  approximately  $150,000.  If  50 
percent  of  the  28  major  facilities  could  avoid  TTO  treatment, 
the  savings  would  be  $2.1  million. 

2.  TTO  Treatment 

TTO  is  not  a  single  compound  but  rather  the  combined 
concentration  of  113  organic  compounds.  As  such,  the  TTO  in  one 
waste  stream  may  require  a  completely  different  removal  tech¬ 
nology  than  another.  At  Naval  activities  the  primary  contribut¬ 
ing  factors  are  paint  strippers  and  degreasing  compounds  which 
contain  phenol  and  solvents.  The  treatment  processes  which  can 
be  used  for  treatment  of  these  compounds  include:  hydrogen 
peroxide  treatment,  steam  stripping,  and  carbon  adsorption. 

Bach  of  these  technologies  has  been  used  on  a  full 
scale  for  many  years.  Both  hydrogen  peroxide  treatment  and 
carbon  adsorption  are  currently  used  at  the  Norfolk  NARF. 
Although  these  technologies  are  commercially  available  and 
installed  at  Naval  activities,  their  actual  performance  and 
ability  to  meet  the  EPA  TTO  standard  are  unproven.  It  is 
therefore  recommended  that  monitoring  of  the  existing  systems  be 
conducted  and  the  designs  be  refined  to  meet  all  future  needs. 

The  milestone  and  funding  profile  to  achieve  TTO 


compliance  follows: 

$  X  103 


Milestones 

FY84 

FY85 

6.2 

6.3 

1.  Characterize  wastes  at 
existing  Naval  systems 
locations 

40 

40 

2.  Monitor  the  performance 
of  existing  systems 

60 

60 

3.  Develop  redesign 
of  existing  tech¬ 
nologies,  if  required 

20 

80 

100 

4.  Retrofit  existing  units 
with  new  design 

200 

200 

5.  Monitor  the  performance 
of  new  system 

80 

80 

6.  Complete  evaluation  and 
disseminate  results 

Totals 

TTO 

80 

440 

Too 

80 

460 

The  funding  profile  indicates  a  total  cost  of  $560,000  to 
redesign  and  test  a  TTO  removal  technology.  The  work  could  be 
completed  in  FY  85  which  would  allow  for  implementation  prior  to 
the  1986  regulations. 

E.  HAZARDOUS  SLUDGE  VOLUME  REDUCTION  TECHNOLOGY 

Sludge  disposal  is  currently  a  problem  for  Naval  IWTPs  in 
terms  of  cost,  the  availability  of  disposal  sites  and  the  burden 
of  regulations.  These  problems  are  expected  to  intensify  in  the 
future  as  the  present  disposal  areas  become  filled. 

The  cost  of  sludge  disposal  varies  between  activities 
primarily  as  a  result  of  the  availability  of  disposal  sites  and 
associated  transportation  costs.  Based  on  disposal  costs  at  the 
Pensacola  NARF  ($5.30  per  1000  gal  of  treated  wastewater),  the 
maximum  annual  Navy-wide  cost  is  approximately  $5.7  million. 

The  Air  Force  and  Army  are  currently  engaged  in  R&D  to  find 
methods  that  will  reduce  the  volume  and/or  hazardousness  of 
electroplating  wastewater  treatment  sludges.  Each  of  these 
efforts  are  currently  in  the  6.2  research  stage.  The  USAF 
expects  to  perform  pilot  testing  in  FY  84  for  promising  tech¬ 
nologies.  EPA  is  continuing  its  efforts  to  develop  a  technology 
to  recover  metals  from  treatment  sludges.  The  volume  of  waste 
generated  by  the  Navy  does  not  appear  to  make  recovery  economi¬ 
cal. 

The  Air  Force  and  Army  efforts  appear  to  be  on  track  and 
will  benefit  the  Navy.  Therefore,  a  "do  nothing"  alternative 
may  be  acceptable.  However,  to  assume  that  these  efforts  are 
directly  applicable  and  that  the  technology  is  easily  transfer¬ 
red,  a  joint  6.2  and  6.3  effort  is  recommended. 


The  milestones  and  Navy 
joint  effort  follows: 

funding 

profile  for 

the 

proposed 

$  X 

103 

Milestones 

FY84 

FY85  FY86 

6.1 

6.2  6.3 

1.  Characterize  Navy  treat¬ 
ment  sludges  and  perform 
laboratory  testing  of 

USAF  and  Army  technologies 

60 

60 

2.  Provide  assistance  in  the  ^ 
design  of  pilot  facilities1 

50 

50 

3.  Monitor  pilot  facility 

50 

50 

and  evaluate  effective¬ 
ness  of  technologies1 


$  X  103 


Milestones 

FY84 

FY85 

FY86  6.1  6.2 

6.3 

4.  Select  optimal  technology 

200 

100 

300 

and  initiate  design  for 

Navy  demonstration 

5.  Complete  test  and  evalua- 

200 

200 

tion  of  prototype  hardware 
and  disseminate  results 

Totals 

160 

JGU 

1M  6TT~  TCRT 

UUU 

^Assumes  joint  funding  by  Navy, 

Air 

Force , 

and  Army. 

The  funding  profile  indicates  a  total  cost  of  $660,000  to 
develop  and  test  new  technologies.  The  work  could  be  completed 
in  FY  86.  The  sludge  treatment  design  could  then  be  added  to 
any  existing  wastewater  treatment  system. 


SECTION  VI 


CAPABILITY  GOALS 


A.  GENERAL 

The  capability  goals  of  the  alternatives  recommended  for 
RDT&E  are  summarized  in  Figure  7.  The  overall  goals  are  to 
comply  with  effluent  and  hazardous  waste  regulations  in  a  timely 
manner  and,  if  possible,  to  provide  significant  improvement  over 
the  current  practice. 

B.  METHODS  TO  REDUCE  WATER  USE 

1.  Timer  Rinse  Control 

The  capability  goals  for  this  effort  include  a  rinse, 
water- control  system  capable  of  reducing  current  water  use  in 
Naval  plating  activities  by  75  percent.  This  system  is  intended 
to  provide  this  savings  without  using  plating  room  space  which 
is  often  severely  limited. 

2.  Innovative  Hard  Chromium  Process 

The  capability  goals  for  this  effort  include  a  hard 
chromium  plating  process  which  reduces  water  use  and  pollution, 
associated  with  the  current  plating  method  while  improving 
plating  quality  and  speed.  By  increasing  the  speed  of  the 
plating  process,  the  number  of  hard  chromium  plating  tanks 
operated  by  the  Navy  can  be  significantly  decreased  to:  (1) 
decrease  energy  requirements,  and  (2)  increase  available 
plating  room  space. 

C.  REDUCE  FREQUENCY  AND  IMPACT  OF  BATCH  DUMPS 

1.  Plating  Bath  Purification 

The  capability  goals  for  this  effort  include  a  plating 
bath  purification  technique  for  chromium  plating  baths  which 
will  reduce  or  eliminate  the  need  to  occasionally  dispose  of 
these  solutions.  This  effort  will  require  an  initial  6.2 
phase  to  identify  appropriate  technologies  and  6.3  phase  to 
customize  the  prototype  process  to  Navy  needs. 

2,  Batch  Treatment 

The  capability  goals  for  this  effort  include  a  proto¬ 
type  treatment  unit  capable  of  oxidizing  cyanide  in  concentrated 
solutions.  The  process  should  show  improvement  over  the  current 
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Figure  7.  Capability  Goals  Matrix 


practice  of  transporting  the  wastes  to  private  treatment/ 
disposal  firms  both  in  cost  and  safety.  This  effort  will 
require  an  initial  6.2  phase  to  characterize  the  wastes  and 
develop  design  criteria  and  6.3  phase  to  design  and  construct 
the  prototype  unit. 

D.  TECHNOLOGY  FOR  LOW  METALS  DISCHARGE 
1.  Polishing 

The  capability  goals  for  this  effort  include  an 
evaluation  and  redesign  of  sand  filters  and  ion  exchange  tech¬ 
nologies.  This  effort  will  require  an  initial  6.2  phase  to 
identify  activities  requiring  low  metals  discharge  and  problem 
pollutants,  as  well  as  estimate  the  effectiveness  of  existing 
technologies.  Under  a  6.3  phase,  an  equipment  redesign  will  be 
accomplished,  along  with  testing  and  evaluation. 

E.  TECHNOLOGIES  FOR  CONTROL/REMOVAL  OF  TTO 

1.  Chemical  Substitution 

The  capability  goals  for  this  effort  include  the 
selection  of  substitute  process  chemicals  for  paint  stripping 
which  are  low  in  TTO.  By  using  low-TTO  process  chemicals, 
the  Navy  may  be  able  to  eliminate  the  need  for  removing  TTO  from 
wastewaters.  This  effort  will  require  an  initial  6.2  phase  to 
evaluate  the  extent  of  the  TTO  problem  and  identify  substitute 
process  chemicals,  as  well  as  a  6.3  phase  to  test  promising 
chemicals. 

2.  TTO  Treatment 

The  capability  goals  to  be  obtained  in  this  effort 
include  a  treatment  process  capable  of  achieving  compliance  with 
the  1986  TTO  requirement.  This  effort  will  require  a  6.2  phase 
to  monitor  the  performance  of  existing  system  and  a  6.3  phase  to 
redesign  existing  technologies,  retrofit  end-of-pipe  treatment 
systems,  and  monitor  their  performance. 

F.  HAZARDOUS  SLUDGE  VOLUME  REDUCTION 
1.  Innovative  Technology 

The  capability  goals  to  be  obtained  in  this  effort 
include  sludge  treatment  processes  that  can  reduce  or  eliminate 
the  volume  of  hazardous  sludge  produced  by  IWTPs.  This  effort 
will  be  coordinated  with  ongoing  USAF  and  Army  RDT&E .  It  will 
require  a  6.2  phase  to  characterize  Navy  treatment  sludges  and 
conduct  tests  of  promising  technologies,  and  a  6.3  phase 
to  design  ,  construct,  and  test  prototype  hardware. 
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APPENDIX  A 


TECHNOLOGY  ASSESSMENT  SCORES 


In-Plane  Chanae* 

8  REUSE  I NQ  RINSE  WATER  <69 

6  FLOW  REGULATORS  .67 

S  AIR  AGITATION  .63 

11  SPRAY  RINSES  .65 

3  COUNTERCURRENT  RINSES  .63 

9  RECOVERY  RINSING  .6 

1  INNOVATIVE  HARD  CHROME  PLATING  0 

2  TIMER  RINSE  CONTROL  0 

A  PLATING  BATH  PURIFICATION  0 

7  AIR  KNIVES  * 

10  CONDUCTIVITY  CELLS  0 


(1)  INNOVATIVE  HARD  CHROME  PLATING 


»  FACTOR  NAME 

VALUE  SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

0.0 

inadequate 

0.  100 

YES 

0.00000 

2  QUALITY  IMPACT 

1.0 

BETTER  THAN  EXISTING 

0.  100 

YES 

0.  10000 

3  R  *  M 

1.0 

BETTER  THAN  CONV 

0.  100 

YES 

0.  10000 

A  MANPOWER  REQUIREMENT  1.0 

DECREASES  MANPOWER  NEEDS 

0.  100 

YES 

0. 10000 

3  ENERGY  DEMAND 

1.0 

LESS  THAN  CONV 

0.100 

YES 

0.  10000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.100 

YES 

0.  10000 

7  FACILITY  SPACE 

1.0 

LESS  THAN  CONV 

0.  ISO 

YES 

0.10000 

8  INVESTMENT  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.  100 

YES 

0. 10000 

9  OPERATING  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.100 

YES 

0. 10000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 

TOTAL 

0.  ■ 

(2)  TIMER  RINSE  CONTROL 

A  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

»  VALUE 

l  RESPONSE  TIME 

0.0 

inadequate 

0.  100 

YES 

0.00000 

2  QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  R  6  M 

1.0 

BETTER  THAN  CONV 

0.  100 

YES 

0.  10000 

A  MANPOWER  REQUIREMENT  0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.  03000 

8  INVESTMENT  cost 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.  03000 

9  OPERATING  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.  100 

YES 

0. 10000 

10  MATERIALS 

1.0 

SAME  as  existing 

0.  100 

YES 

0.  10000 

TOTAL 


0. 


<3>  COUNTERCURRENT  RINSES 


•  FACTOR  NONE 


VALUE  SELECTION  DESCRIPTION 


WEIGHT  Y/N  *  VALUE 


1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0. 10000 

2  QUALITY  IMPACT 

0.  S 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  R  t  M 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

4  MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

9  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.8 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

V*  umwv 

8  INVESTMENT  COST 

0.3 

J 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.  03000 

9  OPERATING  COST 

1 

1.0 

MUCH  LESS  THAN  CONV 

0.  100 

YES 

0. 10000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 

0.63000 


(4)  PLATINO  BATH  PURIFICATION 


•  FACTOR  NAME 


VALUE  SELECTION  DESCRIPTION 


HEIGHT  Y/N  •  VALUE 


1  RESPONSE  TIME 

0.0 

INADEQUATE 

0. 100 

YES 

0.00000 

2  QUALITY  IMPACT 

1.0 

BETTER  THAN  EXISTING 

0.  100 

YES 

0. 10000 

3  R  *  M 

1.0 

BETTER  THAN  CONV 

0.  100 

YES 

0. 10000 

4  MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

9  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0. 100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.3 

SAME  AS  CONV 

0. 100 

YEB 

0.05000 

8  INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0. 100 

YES 

0.03000 

9  OPERATING  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.  108 

YES 

0.  10000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 
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(S)  AIR  AGITATION 


» 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

DUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3 

RAM 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.  05000 

A 

MANPOWER  REDUIREMS 

:nt  0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S 

ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

-  6 

SKILL  REQUI REMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

7 

FACILITY  SPACE 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

8 

INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN 

CONV 

0.  100 

YES 

0.03000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.  07000 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 

TOTAL  0. 65000 


(6)  FLOW  REGULATORS 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  DUALITY  IMPACT 

0.5 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.05000 

3  R  *  M 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0. 05000 

A  MANPOWER  REQUIREMENT  0.5 

SAME 

AS 

EXISTING 

0. 100 

YES 

0.05000 

5  ENERGY  DEMAND 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

1.0 

SAME 

AS 

CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

8  INVESTMENT  COST 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.100 

YES 

0.07000 

10  MATERIALS 

1.0 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.  10000 

TOTAL  0. 67000 
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(7)  AIR  KNIVES 

•  FACTOR  NAME  VALUE  SELECTION  DESCRIPTION  I4EIGHT  V/N  *  VALUE 


1  RESPONSE  TIME  1.0 

2  QUALITY  IMPACT  0.S 

3  R  t  M  0.0 

A  MANPOWER  REQUIREMENT  0.S 
3  ENERGY  DEMAND  0.3 

6  SKILL  REQUIREMENT  1.0 

7  FACILITY  SPACE  0.5 

8  INVESTMENT  COST  0.3 

9  OPERATING  COST  0.7 

10  MATERIALS  1.0 


TOTAL 


1  RESPONSE  TIME  1.0 

2  QUALITY  IMPACT  0.  3 

3  R  *  M  0.3 

A  MANPOWER  REQUIREMENT  0.3 
3  ENERGY  DEMAND  8.3 

6  SKILL  REQUIREMENT  1.0 

7  FACILITY  SPACE  0.3 

8  INVESTMENT  COST  8.7 

9  OPERATING  COST  0.  7 

10  MATERIALS  1.0 


ADEQUATE 

SAME  AS  EXISTING 
WORSE  THAN  CONV 
SAME  AS  EXISTING 
SAME  AS  CONV 
SAME  AS  CONV 
SAME  AS  CONV 
SLIGHTLY  MORE  THAN  CONV 
SLIGHTLY  LESS  THAN  CONV 
SAME  AS  EXISTING 


ADEQUATE 

SAME  AS  EXISTING 

SAME  AS  CONV 

SAME  AS  EXISTING 

SAME  AS  CONV 

SAME  AS  CONV 

SAME  AS  CONV 

SLIGHTLY  LESS  THAN  CONV 

SLIGHTLY  LESS  THAN  CONV 

SAME  AS  EXISTING 


0. 100 

YES 

0.  10000 

0. 100 

YES 

0.03000 

0. 100 

YES 

0.00000 

0. 100 

YES 

0.  03000 

0. 100 

YES 

0.03000 

0.100 

YES 

0.  10000 

0. 100 

YES 

0.03000 

0. 100 

YES 

0.03000 

0.  100 

YES 

0. 07000 

0.  200 

YES 

0.  10000 

0. 


WEIGHT 

Y/N 

«  VALUE 

0.  100 

YES 

0. 10000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.03800 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.03000 

0.  100 

YES 

0.07000 

0.  100 

YES 

0.07000 

0.  100 

YES 

0.  10000 

(8)  REUSE I NG  RINSE  WATER 

«  FACTOR  NAME  VALUE  SELECTION  DESCRIPTION 


TOTAL 


0.69000 


(3)  RECOVERY  RINSING 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*  VALUE 

1  RESPONSE  TIME 

i.a 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  R  4  M 

0.S 

SAME  AS  CO MV 

0.  100 

YES 

0.  0S000 

A  MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.  03000 

9  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0. 100 

YES 

0.  05000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0. 100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

8  INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.  07000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL  0. 60000 


(10)  CONDUCTIVITY  CELLS 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

»  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0. 100 

YES 

0.  10000 

2 

QUALITY  IMPACT 

0.9 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3 

RAM 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A 

MANPOWER  REQUIREMENT 

0.9 

SAME  AS  EXISTING 

0. 100 

YES 

0.03000 

9 

ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0. 100 

YES 

0.03000 

6 

SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0. 100 

YES 

0. 10000 

7 

FACILITY  SPACE 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

8 

INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN 

CONV 

0.  100 

YES 

0.03000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.  07000 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL  0.  . 
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(11)  SPRAY  RINSES 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.S 

SAME  AS  EXISTINO 

0.  100 

YES 

0.03000 

3  R  *  H 

0.S 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

*  MANPOWER  REQUIREMENT 

0.S 

SAME  AS  EXISTINO 

0.100 

YES 

0.03000 

S  ENERGY  DEMAND 

0.S 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.10000 

7  FACILITY  SPACE 

0.S 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

8  INVESTMENT  COST 

0.3 

slightly  more  than 

CONV 

0.  100 

YES 

0.03000 

S  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.100 

YES 

0.07000 

10  MATERIALS 

1.0 

SAME  AS  EXISTINO 

0.  100 

YES 

0.  10000 

TOTAL 


0.63000 
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TECHNOLOGY  ASSESSMENT  SCORES 


Recovery  Technoloqi.es 

1  COUPLED  TRANSPORT  MEMBRANES  0 

2  EVAPORATION  0 

3  ELECTRODIAL VS IS  0 

4  REVERSE  OSMOSIS  0 

5  ION  EXCHANGE  0 

S  ELECTROLVTIC  0 

7  ION  TRANSFER  0 

8  DONNAN  DIALYSIS  0 

(!)  COUPLED  TRANSPORT  MEMBRANES 


«  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

ft  VALUE 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2  DUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0. 05000 

3  R  ft  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A  MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

S  ENERGY  DEMAND 

0.  3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0. 03000 

S  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

•  YES 

8.  00000 

7  FACILITY  SPACE 

0.  •> 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0. 03000 

8  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0. 07000 

10  MATERIALS 

TOTAL 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 

0. 

<2)  EVAPORATION 

ft  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

ft  VALUE 

l  RESPONSE  TIME 

t.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3  R  ft  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A  MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

S  ENERGY  DEMAND 

0.0 

MUCH  GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

B.  100 

YES 

0.00000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

3  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.07000 

10  MATERIALS 

TOTAL 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

0. 

(3)  ELECTRODIALYSIS 

•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

HEIGHT 

Y/N 

ft  VALUE 

t  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0. 05000 

3  R  ft  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A  MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

5  ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.03000 

-6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0. 03000 

S  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0. 07000 

10  MATERIALS 

TOTAL 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

0. 

<4)  REVERSE  OSMOSIS 

ft  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

C  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTINO 

0.  100 

YES 

0e  0S000 

3  R  ft  M 

0.  0 

HORSE  THAN  CONV 

0.  100 

YES 

0. 00000 

4  MANPOWER  REQUIREMENT  0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0. 00000 

5  ENERGY  DEMAND 

0.  3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0. 03000 

S  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.  00000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.  03000 

3  INVESTMENT  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.  100 

YES 

0.  10000 

9  OPERATING  COST 

0.  7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.  07000 

10  MATER im.S 

1.0 

SAME  AS  EXISTING 

0.  too 

YES 

0.  10000 

v  V  v*1 V  V.Vi 


ICN  EXCHANGE 


» 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*  VALUE 

l 

RESPONSE  T:~E 

1.0 

ADEQUATE 

0.  100 

YES 

0. 13030 

■> 

OL'ALITv  impact 

3.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.  03000 

~ 

R  t  1 

0.0 

HORSE  THAN  cqnv 

0.  100 

YES 

0.  00000 

4 

•"H/u-OWiR  RECJI REMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

5 

ENERGY  CEMANLl 

0.5 

SAME  AS  CONV 

e.  too 

YES 

0.05000 

S 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7 

frc;_ity  space 

0.3 

SLIGHTLY  MORE  THAN  CONV 

e.  too 

YES 

0.  03000 

8 

INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.  07000 

10 

MATERIALS 

t.O 

SAME  AS  EXISTING 

0.  103 

YES 

0.  10000 

ELECTROLYTIC 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  1C3Z3 

2 

QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.  05000 

3 

RIM 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0. 00303 

4 

MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  130 

YES 

0.  00000 

5 

ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.  05000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.  00000 

7 

FACILITY  SPACE 

0.5 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

8 

INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

e.  too 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.  07003 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 

ION  TRANSFER 


» 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

QUALITY  IMPACT 

0.5 

SAME  A5  EXISTING 

0.  100 

YES 

0.05300 

3 

R  t  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A 

MANPOWER  REQUIREMENT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S  ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  103 

YES 

0.  05000 

6 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  103 

YES 

0.  03000 

7 

FACILITY  SPACE 

0.  3 

SLIGHTLY  MORE  THAN 

CONV 

0.  100 

YES 

0.  03000 

a 

INVESTMENT  COST 

0.5 

SLIGHTLY  MORE  THAN 

CCNV 

o.  ieo 

YES 

0.  05000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  130 

YES 

0. 07033 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10300 

DONNAN  DIALYSIS 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2  QUALITY  IMPACT 

0.5 

SAME  A3  E\ 'STING 

0.  100 

YES 

0.05000 

3 

R  *  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A 

MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

5 

ENERGY  DEMAND 

0.5 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.05000 

6 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7 

FACILITY  SPACE 

0.5 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.05000 

8 

INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIOHTLY  LESS  THAN  CONV 

0.  100 

YES 

0. 07000 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 13000 

TECHNOLOGY  ASSESSMENT  SCORES 


Chromium  Reduction 

2  SULFUR  COMPOUND  REDUCTION  .65 

1  INTEGRATED  TREATMENT  .48 

3  SACRFIC1 AL  IRON  ANODES  0 

4  FERROUS  SULFATE  8 

5  SODIUM  BOROHYDR1DE  0 

6  MATERIAL  RECOVERY  0 


<1>  INTEGRATED  TREATMENT 


*  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

i  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.100 

YES 

0.05000 

3  R  t  M 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

4  MANPOWER  REQUIREMENT  0. 5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S  ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

8.03000 

8  INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.07000 

10  MATERIALS 

0.5 

SOME  NEW  REQUIREMENTS 

0.  100 

YES 

0.05000 

TOTAL  0. 


(2)  SULFUR  COMPOUND  REDUCTION 


« 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.100 

YES 

0.  10000 

2 

QUALITY  IMPACT 

0.5 

SAME 

AS 

EXISTING 

0.100 

YES 

0.05000 

3 

R  »  M 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

4 

MANPOWER  REQUIREMENT 

0.  S 

SAME 

AS 

EXISTING 

0.100 

YES 

0.03000 

5 

ENERGY  DEMAND 

0.5 

SAME 

AS 

CONV 

0. 100 

YES 

8.05800 

6 

SKILL  REQUIREMENT 

1.0 

SAME 

AS 

CONV 

0.  100 

YES 

0.  18000 

7 

FACILITY  SPACE 

0.5 

SAME 

AS 

CONV 

0. 100 

YES 

0.05000 

8 

INVESTMENT  COST 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

9 

OPERATING  COST 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.85000 

10 

MATERIALS 

1.0 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 


0.65000 


Milll!!!!  1  I  iiiiilim 
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<3>  SACRFICIAL  IRON  ANODES 


«  FACTOR  NAME  VALUE 

1  RESPONSE  TIME  1.0 

2  DUALITY  IMPACT  0.5 

3  R  »  M  0.0 

A  MANPOWER  REQUIREMENT  0.5 

5  ENERGY  DEMAND  0.5 

6  SKILL  REQUIREMENT  1.0 

7  FACILITY  SPACE  0.5 

8  INVESTMENT  COST  0.5 

9  OPERATING  COST  0.5 

10  MATERIALS  1.0 


SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

A  VALUE 

ADEQUATE 

0.  100 

YES 

0.  10000 

SAME  AS  EXISTING 

0.  100 

YES 

0.  05000 

WORSE  THAN  CONV 

0.  100 

YES 

0.  00000 

SAME  AS  EXISTING 

0.  100 

YES 

0.0S000 

SAME  AS  CONV 

0.  100 

YES 

0.  05000 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

SAME  AS  CONV 

0.  100 

YES 

0.0S000 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 


(A)  FERROUS  SULFATE 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2  DUALITY  IMPACT 

0.5 

SAME 

AS  EXISTING 

0.  100 

YES 

0.05000 

SHIM 

0.5 

SAME 

AS  CONV 

0.  100 

YES 

0.05000 

A  MANPOWER  REQUIREMENT 

0.5 

SAME 

AS  EXISTING 

0.  100 

YES 

0.05000 

9  ENERGY  DEMAND 

0.5 

SAME 

AS  CONV 

0.  100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

1.0 

SAME 

AS  CONV 

0.  100 

YES 

0.10000 

7  FACILITY  SPACE 

0.5 

SAME 

AS  CONV 

0.  100 

YES 

0.05000 

8  INVESTMENT  COST 

0.5 

SAME 

AS  CONV 

0. 100 

YES 

0.05000 

9  OPERATING  COST 

0.5 

SAME 

AS  CONV 

0.  100 

YES 

0.05000 

10  MATERIALS 

0.5 

SOME 

NEW  REQUIREMENTS 

0.  100 

YES 

0.0S00O 

•y  . 

N\ 


TOTAL 


0. 
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<S)  SODIUM  BOROHYDRIDE 


»  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

0.0 

INADEQUATE 

8.  100 

YES 

0.  00000 

2 

QUALITY  IMPACT 

a.  5 

SAME  AS  EXISTING 

a.  toe 

YES 

a.  05000 

3 

R  (  M 

a.  a 

WORSE  THAN"  CONV 

a.  tea 

YES 

0.  00000 

A 

MANPOWER  REQUIREMENT 

a.s 

SAME  AS  EXISTING 

a.  laa 

YES 

a.  05000 

S 

ENERGY  DEMAND 

a.  5 

SAME  AS  CONV 

a.  100 

YES 

a.  05000 

6 

SKILL  REQUIREMENT 

i.e 

SAME  AS  CONV 

a.  100 

YES 

a.  1000O 

7 

FACILITY  SPACE 

0.5 

SAME  AS  CONV 

a.  iae 

YES 

a.  05000 

8 

INVESTMENT  COST 

a.  a 

MUCH  MORE  THAN  CONV 

a.  100 

YES 

0.00000 

9 

OPERATING  COST 

a.  3 

SLIGHTLY  MORE  THAN  CONV 

a.  iae 

YES 

0.  B3000 

10 

MATERIALS 

a.s 

SOME  NEW  REQUIREMENTS 

a.  iaa 

YES 

0.05008 

TOTAL 


a. 


(6)  MATERIAL  RECOVERY 


» 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

»  VALUE 

1 

RESPONSE  TIME 

i.a 

ADEQUATE 

a.  tea 

YES 

B.  10000 

2 

QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

a.  iae 

YES 

0.05000 

3 

R  t  M 

e.a 

WORSE  THAN  CONV 

a.  iae 

YES 

a.  00000 

A 

MANPOWER  REQUIREMENT  0.0 

INCREASES  MANPOWER  NEEDS 

a.  iaa 

YES 

0.00000 

3 

ENERGY  DEMAND 

a.  3 

SLIGHTLY  GREATER  THAN  CONV 

a.  iaa 

YES 

a. esooo 

6 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

a.  100 

YES 

0.00000 

7 

FACILITY  SPACE 

0,3 

SLIGHTLY  MORE  THAN  CONV 

a.  tee 

YES 

0.03000 

a 

INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

a.  100 

YES 

0. 00000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

a.  iaa 

YES 

a.  07000 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

o.  100 

YES 

a. 10000 

TOTAL 


a. 
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technology  assessment  scores 

Cyanide  oxidation 

3  alkali  CHLORINATION 
2  INTEGRATED  TREATMENT 
1  ELECTROLYIC 
A  OZONE 

5  THERMAL  OXIDATION 

6  MATERIAL  RECOVERY 


.65 

.61 

.56 

e 

o 

P 


i'll  ELECTROLYIC 


*  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

t»  VALUE 

1  RESPONSE  TIME 

i.0 

ADEQUATE 

3.  100 

YES 

0. 10000 

;  quality  impact 

0.5 

SAME  AS  EXISTING 

a.  100 

YES 

0. 05020 

Z  R  t  M 

0.5 

SAME  PS  CONV 

0. 100 

YES 

0.  05000 

4  MANPOWER  REQUIREMENT 

0.  5 

SAME  AS  EXISTING 

0. 100 

YES 

0.  05320 

5  ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

a.  100 

YES 

0.  05330 

6  SKILL  REQUIREMENT 

0.  0 

GREATER  THAN  CONV 

0.  100 

YES 

0.  0-2300 

7  FACILITY  SPACE 

a.  z 

SL IDHTY  MORE  "HON  CONV 

3.  100 

YES 

0.  03030 

3  INVESTMENT  COST 

0. ; 

SLIGHTLY  MORE  “HAN  CONV 

0.  100 

YES 

2.  33000 

•3  OPERATING  cost 

■..0 

MUCH  uiSS  "HON  CONV 

0.  100 

YES 

13000 

10  materials 

1.3 

some  as  existing 

I.  -.00 

YES 

j.  :£-233 

total 

a. 

(2)  INTEGRATED  TREATMENT 

»  FACTOR  NAME 

value 

SELECTION  DESCRIPTION 

WEIGHT 

'/N 

*  VALUE 

l  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  duality  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.  05000 

Z  R  l  M 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0. 05320 

4  MANPOWER  REQUIREMENT  0.5 

SAME  «S  EXISTING 

0.  100 

YES 

0. 05330 

5  ENERGY  DEMAND 

0.5 

SAME  AS  CCNV 

0.  100 

YES 

0.  05003 

6  SKIi_L  REQUIREMENT 

1.0 

SAME  A3  CONV 

3.  100 

YES 

0. 10030 

1  FACILITY  EFRCE 

3.  ■■ 

s',  i  GMTY  -"TME  Th.-jn  CONV 

J.  1 30 

YES 

a. 03C03 

:i  ■  MVtS**  nSNT  COSt 

a.  :• 

SLIGHTLY  -ORE  Thmn  CONV 

3.  133 

VFS 

0,  03000 

..  n»5:WtWl  C-.’ST 

CAMP.  (*"  CCNV 

■  10 

S 

■£.  25000 

10  ~:i.  R  A.L 

.  .  <! 

KPH;  .<■  :  ~t  iSlI.NG 

.3.1 

Yife 

0.  U-4-02 

T 

0.  b  1 230 
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2/2 


HD-R128  460 
UNCLASSIFIED 


AN  INVESTIGATION  OF  TECHNOLOGIES  FOR  HA2RRD0US  SLUDGE 
REDUCTION  AT  AFLC  .  <U)  CENTEC  CORP  RESTON  VA 
G  C  CUSHNIE  DEC  83  AFESC/ESL-TR-83-42-V0L-3 
F 08635-81 -C-0258 


F/G  13/2 


NL 


WWW».|.  .1.  .1.  .1.  .■.  .1.  n  5  y  ■ 


<  ■  m-: 

» 

■.  -cc'  ;a  \  a-s 

.  .  OFi-C^IPTVON 

•*E;  3-1- 

V/N 

"  VC.l-2 

i  pespI'Se 

..  2 

40*0 J3VE 

u.  120 

VES 

a.  leueo 

2  .?ual:-y  :-°p;- 

%  r 

SAME 

as 

ECS'ING 

•a.  120 

VES 

e. 03000 

7  .->  i  - 

2.  3 

SAME 

as 

C5NV 

3.  100 

YES 

a. 03COB 

A  MANPCWSa  ’EC^:'5*ST 

■  V 

•APE 

as 

E« iST’ vQ 

a.  U3Q 

YES 

a. a3200 

3  ENEE3Y  C5MANP 

s.s 

■J.PTI 

as 

n 

u 

£■ 

< 

a.  iza 

YES 

9. 03000 

6  SKIL-  RECJISS-5NT 

;.a 

SAME 

as 

CCNV 

a.  vet 

YES 

0.  icaoe 

7  FACILITY  SPACE 

2.3 

SAME 

as 

n 

O 

2 

a.  lea 

VES 

a. 05200 

3  INVEaT'fENT  CCS" 

2.3 

SAME 

as 

CCMV 

o.  lea 

YES 

a.  03500 

9  operating  CCS" 

•5.3 

SAME 

as 

CCNV 

a.  tea 

YES 

0.03C00 

10  MATERIALS 

..a 

=  LI«€ 

as 

E<ISTINO 

a.  120 

YES 

a. 12200 

total 


a. ejrze 


< 4 »  C2CVS 


■* 

fact;*  nape  v a.cE 

selec~:c\  deecriptiqn 

WEIGHT 

V/N 

*  VA_cE 

1 

9£S?:*«SS  Tirs 

2.3 

INAOECJATr 

0.  100 

YES 

0.  eccaa 

2 

QUALITY  irpac- 

2.3 

sarE  ps  existing 

0.  tea 

VES 

0.03000 

- 

a  »  - 

2.  5 

SAME  as  CCNV 

2.  100 

YES 

0. 03202 

4 

MANPI*Sa  PECL I  PE ’"ENT 

2.3 

SAME  as  EXISTING 

0.  100 

YES 

e. esaeo 

3 

ENSEjV  .DE*A,\S 

7.3 

SLIOiTLY  Creates  r.-AN  CONV 

0.  !CJ 

YES 

0.02000 

6 

skill  ?ec*j:.re*snt 

.0 

SAME  j8  CCNV 

0.  100 

YES 

0. 10000 

7 

-ACI.ITY  SPACE 

2.3 

SLIGHT V  -CPS  THAN  CONV 

a.  laa 

YES 

0.  0-000 

3 

i.w-i  >e\t  ::•* 

2.0 

-OCH  -ORE  "“ON  CONV 

a.  100 

YES 

0.  00200 

3 

OPERa'ING  COI- 

2.  7 

ELIG-"-V  .ESS  THAN  COW 

0.  120 

Y£S 

0.  07C0O 

10 

-ate»:als 

* 

SOME  NEW  REQU1  REMENTS 

0.  100 

YES 

e.  05OOJ 

otal 
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1*1  .*K“S?-OL  Gy.aATTC3M 

-•  .-acres  n»«e  vruu<£ 

SELECTION  DESCRIPTION 

WEIGHT 

y 

*  VA-- i 

.  <ESPC'-SS  TJ  ME 

0.  3 

I.yODEOUOTE 

-.  :23 

*.r.3 

o.  ee-*23 

:  quality  impact 

3.5 

SOME  OS  EXISTING 

3.  ICO 

v  ES 

3. 05003 

3  R  i  M 

3.  5 

SOME  OS  CSNV 

0.  133 

v£3 

3.  C52O0 

4  MANPOWER  PEOU I REMENT 

0.  5 

SOME  OS  EXISTING 

a.  <oa 

VrS 

0. 05033 

•5  ENERGY  DEMAND 

3.3 

SLIGHTLY  GREATER  THOM  CONV 

3.  130 

YzS 

0. 03303 

6  SKILL  REQUIREMENT 

3.3 

GREATER  THAN  CONV 

0.  1 33 

veg 

3. 33230 

7  FACILITY  SPACE 

0.3 

SLIGHTY  MORE  THAN  CONV 

3.  103 

>  IS 

•3.  33230 

8  I '-VESTMENT  COST 

3.3 

SLIGHTLY  -ORE  THAN  CONV 

•IS.  1C3 

v  rr 

3. 03233 

9  OPS TOTING  COST 

I.  0 

MUCH  -ESS  '.‘HON  CONV 

T.  tea 

MS 

3.  ICC 32 

.9  MOTET £8LS 

3 

SOME  OS  EXISTING 

3.  100 

v£S 

3. 1BC23 

totol 

- 

<6) 

material  recovery 

4 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

=  VA-.E 

1 

■RESPONSE  TIME 

1.3 

ADECLATi 

i  oa 

YES 

3.  1BC23 

2 

duality  impact 

2.5 

SAME  OS  EXISTING 

3.  133 

YES 

3. 05320 

— 

•v 

.?  *  M 

2.0 

WORSE  THAN  CONV 

a.  120 

YES 

0. SC230 

* 

MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

a.  ic0 

YES 

0. 00330 

s 

ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  than  CONV 

0.  120 

'ES 

0. 03330 

6 

SKILL  REQUIREMENT 

3.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7 

FACILITY  SPACE 

0.3 

SLIGHTY  MORE  THAN  CONV 

0.  teo 

YES 

0. 03200 

3 

INVESTMENT  COST 

3.0 

MUCH  MOKE  THAN  CONV 

0.  120 

YES 

0.00030 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

3.  100 

YES 

0.  07320 

10 

MATERIALS 

3 

FAME  OS  EXISTING 

3.  123 

'  13 

0. 12230 

TOTAL 

. 

91 


technology  assessment  scores 
Metals  Removal 

1  hydroxide  precip 

s  SULFIDE  PREC1P 

2  SODIUM  BOROHYDRIDE 

3  OZONE 

*  ULTRAF1TRAT10N 
G  INSOLUBLE  STARCH 

7  ELECTROLYTIC 

8  FREEZE  CRYSTAL 


(1)  HYDROXIDE  PRECIP 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  DUALITY  IMPACT 

0.3 

SAME 

AS  EXISTING 

0.  100 

YES 

0.03000 

3  R  t  M 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.03000 

A  MANPOWER  REQUIREMENT 

0.3 

SAME 

AS  EXISTING 

0. 100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SAME 

AS  CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.3 

SAME 

AS  CONV 

0. 100 

YES 

0.  03020 

8  INVESTMENT  COST 

0.3 

SAME 

AS  CONV 

0.  120 

YES 

0.05000 

9  OPERATING  COST 

0.3 

SAME 

AS  CONV 

0.100 

YES 

0.03000 

10  MATERIALS 

1.0 

SAME 

AS  EXISTING 

3.  100 

YES 

0.  10008 

TOTAL  0. 63000 


(2)  SODIUM  BOROHYDRIDE 


*  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0.180 

YES 

0.00000 

2  QUALITY  IMPACT 

0.3 

SAME  as  EXISTING 

0.100 

YES 

0.03000 

3  R  *  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

4  MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

t.a 

SAME  AS  CONV 

fl.  100 

YES 

0.  10C30 

7  FACILITY  SPACE 

0.3 

SAME  AS  CCNV 

0.  130 

YES 

0.03000 

3  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  180 

YES 

0.  30000 

3  OPERATING  COST 

0.  3 

S'-  I GHT’.Y  MORE  “HAN  CONV 

0.  180 

yi;S 

0.  07030 

0  MATERIALS 

2.5 

TOME  REQUIREMENTS 

3.  100 

YES 

3.  03080 

TOTAL  3. 


scd 


(3)  OZONE 

•  FACTOR  NAME 

VALVE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

#  VALUE 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.  00000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  too 

YES 

0.  05000 

3  R  I  M 

0.5 

SAME  AS  CONV 

0.  toe 

YES 

0.05000 

4  MANPOWER  REQUIREMENT  0.9 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

9  ENERGY  DEMAND 

0.  j 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.  03000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

8  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

o.  too 

YES 

0.00000 

9  OPERATING  COST 

0.9 

SAME  AS  CONV 

0. 100 

YES 

0.05000 

18  MATERIALS 

0.9 

SOME  NEW  REQUIREMENTS 

0.  too 

YES 

0.09000 

TOTAL 

0. 

<4J  ULTRAFITRATION 

•  FACTOR  NOME  VALUE  SELECTION  DESCRIPTION  WEIGHT  V/N  •  VALUE 


1  RESPONSE  TIME  1.0 

2  QUALITY  IMPACT  0.9 

3R(K  0.0 

4  MANPOWER  REQUIREMENT  0.9 

5  ENERGY  DEMAND  0.9 

6  SKILL  REQUIREMENT  0.0 

7  FACILITY  SPACE  1.0 

8  I  WEST  ME  NT  COST  0.0 

S  OPERATING  COST  0.3 

18  MATERIALS  1.0 


ADEQUATE 

SAME  AS  EXISTING 
WORSE  THAN  CONV 
SAME  AS  EXISTING 
SAME  AS  CONV 
GREATER  THAN  CONV 
LESS  THAN  CONV 
MUCH  MORE  THAN  CONV 
SLIGHTLY  MORE  THAN  CONV 
SAME  AS  EXISTING 


0.  100 

YES 

0. 10000 

0.  too 

YES 

0.05000 

0.  100 

YES 

0.00000 

0. 100 

YES 

0.09000 

0.  100 

YES 

0.05000 

0.  too 

YES 

0.00000 

0.  100 

YES 

0.  10000 

0. 100 

YES 

0.00000 

0.  100 

YES 

0.03000 

0.  100 

YES 

0.  10000 

<7)  ELECTROLYTIC 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

8.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2 

QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3 

R  &  M 

0.0 

WORSE  THAN  CONV 

0. 100 

YES 

0.00000 

A 

MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

S 

ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.03000 

6 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7 

FACILITY  SPACE 

1.0 

LESS  THAN  CONV 

0.  100 

YES 

0.  10000 

8 

INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.07000 

18 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL  0. 


<8>  FREEZE  CRYSTAL 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

#  VALUE 

1 

RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2 

QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.  03000 

3 

R  »  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

& 

MANPOWER  REQUIREMENT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3 

ENERGY  DEMAND 

0.0 

MUCH  GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

S 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7  FACILITY  SPACE 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

8 

INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

9 

OPERATING  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 


0. 


(S>  SULFIDE  PRECIP 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*■  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

DUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3 

R  *  H 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

A 

MANPOWER  REQUIREMENT  0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S 

ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

6 

SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

7 

FACILITY  SPACE 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

8 

INVESTMENT  COST 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

9 

OPERATING  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

10 

MATERIALS 

0.5 

SOME  NEW  REQUIREMENTS 

0.  100 

YES 

0.05000 

(B>  INSOLUBLE  STARCH 


0.58000 


tt  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

R  VALUE 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3  R  A  M 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A  MANPOWER  REQUIREMENT  0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

5  ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

•  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

10  MATERIALS 

0.5 

SOME  NEW  REQUIREMENTS 

0.  100 

YES 

0.05000 

TECHNOLOGY  ASSESSMENT  SCORES 


Hazardous  Sludge  Reduction 


1  SOLIDIFICATION  8 

2  SODIUM  BOROHYORIDE  8 

3  SLUDGE  WASHING  8 

A  HEAT  TRREATMENT  8 

S  SLUDGE  AGING  8 


<1>  SOLIDIFICATION 


«  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  value 

1  RESPONSE  TIME 

8.8 

INADEQUATE 

8.  188 

YES 

8.88888 

2  QUALITY  IMPACT 

B.S 

SAME  AS  EXISTING 

e.  tee 

YES 

8.83888 

JRIH 

8.S 

SAME  AS  CONV 

8. 188 

YES 

8.83888 

i 

i 

X 

H 

f 

8.8 

INCREASES  MANPOWER  NEEDS 

8. 188 

YES 

8.88888 

S  ENERGY  DEMAND 

S.S 

SAME  AS  CONV 

8. 188 

YES 

8.83888 

6  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.  188 

YES 

8. 18888 

7  FACILITY  SPACE 

8.3 

slightly  horre  THAN  CONV 

8.  188 

YES 

8.83888 

8  INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

8.  188 

YES 

8.88888 

9  OPERATING  COST 

1.8 

MUCH  LESS  THAN  CONV 

8.188 

YES 

8.18888 

18  MATERIALS 

1.8 

SAME  AS  EXISTINO 

8.  188 

YES 

8.18888 

TOTAL  8. 


<2>  SODIUM  BOROHYORIDE 


8  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

tt  VALUE 

1  RESPONSE  TIME 

8.8 

INADEQUATE 

8.  188 

YES 

8. 88888 

2  QUALITY  IMPACT 

8.3 

SAME  AS  EXISTINO 

8. 188 

YES 

8.83888 

]RM 

8.8 

WORSE  THAN  CONV 

8.  188 

YES 

8.88888 

*  MANPOWER  REQUIREMENT  8.3 

SAME  AS  EXISTING 

8.  188 

YES 

8.83888 

3  ENERGY  DEMANO 

8.3 

SAME  AS  CONV 

8.  tee 

YES 

8.83888 

8  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8. 188 

YES 

8.18888 

7  FACILITY  SPACE 

8.5 

SAME  AS  CONV 

a.  188 

YES 

8.85888 

8  INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

a.  18a 

YES 

HI  MMB 

we  vom 

9  OPERATING  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

a.  tee 

YES 

8.83888 

18  MATERIALS 

8.5 

SOME  NEW  REQUIREMENTS 

a.  tee 

YES 

8.83888 

(3)  SLUDGE  WASHING 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*  VALUE 

1  RESPONSE  TIME 

0.8 

INADEQUATE 

0.  100 

YES 

0.00000 

2  QUALITY  IMPACT 

0.S 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.05000 

3RtH 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

4  MANPOWER  REQUIREMENT  0.  5 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.05000 

S  ENERGY  DEMAND 

0.S 

rntir 

AS 

CONV 

0.  100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

1.0 

SAME 

AS 

CONV 

0. 100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

8  INVESTMENT  COST 

0.0 

MUCH 

MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

1.0 

MUCH 

LESS  THAN  CONV 

0.  100 

YES 

0.  10000 

18  MATERIALS 

0.5 

SOME 

NEW  REQUIREMENTS 

0. 100 

YES 

0.05000 

TOTAL  0. 


(*>  HEAT  TRREATMENT 


0  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

HEIGHT 

Y/N 

•  value 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0. 100 

YES 

0.00000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0. 100 

YES 

0.05000 

IRIK 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

4  MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

S  ENERGY  DEMAND 

0.0 

MUCH  GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

a  aaiMMi 
■*•  UOcnro 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORRE  THAN  CONV 

0. 100 

YES 

0.03000 

8  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0. 100 

YES 

0.00000 

9  OPERATING  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.  100 

YES 

0. 10000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0. 10000 

TOTAL 


0. 


<9>  SLUDGE  AGING 


8  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

8.8 

INADEQUATE 

8.  188 

YES 

8.88888 

2  QUALITY  IMPACT 

8.9 

SAME  AS  EXISTING 

8.  188 

YES 

8.89888 

3  R  »  H 

8.9 

SAME  AS  CONV 

8.  188 

YES 

8.89888 

A  MANPOWER  REQUIREMENT 

8.8 

INCREASES  MANPOWER  NEEDS 

8.  188 

YES 

8.88888 

9  ENERGY  DEMAND 

8.9 

SAME  AS  CONV 

8.  188 

YES 

8.89888 

6  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8. 188 

YES 

8.  18888 

7  FACILITY  SPACE 

8.3 

SLIGHTLY  MORRE  THAN  CONV 

8.  188 

YES 

8.89888 

8  INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

a.  tea 

YES 

8.88888 

9  OPERATING  COST 

1.8 

MUCH  LESS  THAN  CONV 

8.188 

YES 

8. 18888 

18  MATERIALS 

1.8 

SAME  AS  EXISTING 

8.188 

YES 

8.18888 

a. 


TOTAL 


RDT4E  ASSESSMENT  SCORES 
Xn~Plant  Changes 

1  INNOVATIVE  HARD  CHROME  PLATING  1 


A  PLATING  BATH  PURIFICATION  .78 

2  TIMER  RINSE  CONTROL  .73 

8  REUSE  IMG  RINSE  WATER  .63 

6  FLOW  REGULATORS  .67 

S  AIR  AGITATION  .65 

11  SPRAY  RINSES  .65 

3  COUNTERCURRENT  RINSES  .63 

3  RECOVERY  RINSING  .6 

7  AIR  KNIVES  B 

18  CONDUCTIVITY  CELLS  B 


(1)  INNOVATIVE  HARD 

CHROME 

PLATING 

•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.8 

ADEQUATE 

8.  188 

YES 

8.  18880 

2  DUALITY  IMPACT 

1.8 

BETTER  THAN  EXISTING 

8.  188 

YES 

8. 18088 

3  R  •  M 

1.8 

BETTER  THAN  CONV 

8. 188 

YES 

8. 18888 

A  MANPOWER  REQUIREMENT  1.8 

DECREASES  MANPOWER  NEEDS 

8.  188 

YES 

8. 18088 

S  ENERGY  DEMAND 

1.8 

LESS  THAN  CONV 

8.188 

YES 

e.  leeae 

6  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.  188 

YES 

8.  18808 

7  FACILITY  SPACE 

1.8 

LESS  THAN  CONV 

8.188 

YES 

8.  10088 

8  INVESTMENT  COST 

1.8 

MUCH  LESS  THAN  CONV 

8.  188 

YES 

8.  18888 

9  OPERATING  COST 

1.8 

MUCH  LESS  THAN  CONV 

8.  188 

YES 

0.  18880 

18  MATERIALS 

1.8 

SAME  AS  EXISTING 

8.  180 

YES 

8. 10088 

TOTAL 

1.88008 

(2)  TIMER  rinse  control 

«  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

I  RESPONSE  TIME 

1.0 

ADEQUATE 

e.  tee 

YES 

8.  18888 

2  QUALITY  IMPACT 

8.5 

SAME  AS  EXISTING 

0.  180 

YES 

8.85808 

3  A  *  M 

t.e 

BETTER  THAN  CONV 

a.  tee 

YES 

8.  10880 

*  MANPOWER  REQUIREMENT 

8.5 

SAME  AS  EXISTING 

8.  180 

YES 

8.05808 

S  ENERGY  DEMAND 

8.5 

SAME  AS  CONV 

8.  188 

YES 

8.85808 

S  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.  180 

YES 

8.  10808 

7  FACILITY  SPACE 

SAMI  AS  CONV 

8.  108 

YES 

0.85088 

8  INVESTMENT  COST 

8.3 

r  jrtTLY  MORE  THAN  CONV 

a.  toe 

YES 

8.  83888 

3  OPERATING  COST 

'  0 

MUCH  LESS  THAN  CONV 

8.  100 

YES 

8. 18088 

18  MATERIALS 

1.8 

SAME  AS  EXISTING 

0. 100 

YES 

8.  18088 

TOTAL 


99 


(3)  countercurrent  rinses 

•  FACTOR  NAME  VALUE  SELECT TON  DESCRIPTION  WEIGHT  Y/N  »  VALUE 


1  RESPONSE  TIME  1.0 

2  DUALITY  IMPACT  0.5 

3  R  t  M  0.5 

A  MANPOWER  REQUIREMENT  0.S 

5  ENERGY  DEMAND  0.5 

6  SKILL  REQUIREMENT  1.0 

7  FACILITY  SPACE  0.0 

8  INVESTMENT  COST  0.3 

9  OPERATING  COST  1.0 

10  MATERIALS  1.0 


TOTAL 


1  RESPONSE  TIME  1.0 

2  DUALITY  IMPACT  1.0 

3  R  4  H  1.0 

A  MANPOWER  REQUIREMENT  0.5 

5  ENERGY  DEMAND  0.5 

6  SKILL  REQUIREMENT  1.0 

7  FACILITY  SPACE  0.S 

8  INVESTMENT  COST  0.3 

9  OPERATING  COST  1.0 

10  MATERIALS  1.0 


ADEQUATE 

SAME  AS  EXISTING 

SAME  AS  CONV 

SAME  AS  EXISTING 

SAME  AS  CONV 

SAME  AS  CONV 

MUCH  MORE  THAN  CONV 

SLIGHTLY  MORE  THAN  CONV 

MUCH  LESS  THAN  CONV 

SAME  AS  EXISTING 


ADEQUATE 

BETTER  THAN  EXISTING 
BETTER  THAN  CONV 
SAME  AS  EXISTING 
SAME  AS  CONV 
SAME  AS  CONV 
SAME  AS  CONV 
SLIGHTLY  MORE  THAN  CONV 
MUCH  LESS  THAN  CONV 
SAME  AS  EXISTING 


0. 100 

YES 

0.  10000 

0. 100 

YES 

0.05000 

0.  100 

YES 

0.  05000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.00000 

0.  100 

YES 

0.03000 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.  10000 

0. 63000 


WEIGHT 

Y/N 

»  VALUE 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0. 10000 

0.  100 

YES 

0.05000 

0.  100 

YES 

0.03000 

0.  100 

YES 

0.  10000 

0.  100 

YES 

0.  10000 

(A)  PLATING  BATH  PURIFICATION 

•  FACTOR  NAME  VALUE  SELECTION  DESCRIPTION 


TOTAL 


0.7BB0B 


<3)  AIR  AGITATION 


II 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*  value 

1 

RESPONSE  TIME 

l.B 

adechjate 

0.  100 

YES 

0. 10000 

•«v 

DUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.  03000 

T 

R  «  M 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

4 

MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3 

ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.  03000 

6 

SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

7 

FACILITY  SPACE 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

S 

INVESTMENT  COST 

0.  3 

SLIGHTLY  MORE  THAN 

CONV 

0.  100 

YES 

0.  03000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.  07e00 

IB 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 

0.63000 

<6)  FLOW  REGULATORS 

*  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

»  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  R  t  M 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

A  MANPOWER  REQUIREMENT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

8  INVESTMENT  COST 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0. 07000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 


0.67000 


(7)  AIR  KNIVES 


tt  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TINE 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 ' 

2  QUALITY  INPACT 

0.3 

SANE  AS  EXISTING 

0.  100 

YES 

0.03000 

3AIH 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

4  MANPOWER  REQUIREMENT 

0.3 

SANE  AS  EXISTING 

e.  leo 

YES 

0.0S000 

S  ENERGY  DEMAND 

0.3 

SANE  AS  CONV  * 

0.  toe 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SANE  AS  CONV 

0.100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.3 

SANE  AS  CONV 

0. 100 

YES 

0.03000 

8  INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN 

CONV 

0.  100 

YES 

0.03000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.  07000 

10  MATERIALS 

1.0 

SANE  AS  EXISTING 

0. 100 

YES 

0.  10000 

TOTAL  0. 


(8)  REUSE  I  NO  RINSE  MATER 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  R  4  N 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

4  MANPOWER  REQUIREMENT 

0.3 

SANE  AS  EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SANE  AS  CONV 

0. 100 

YES 

0.05000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.3 

SANE  AS  CONV 

0.  100 

YES 

0.03000 

3  INVESTMENT  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.07000 

9  operating  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.07000 

10  MATERIALS 

1.0 

SANE  AS  EXISTING 

0.  100 

YES 

0. 10000 

TOTAL 


0.69000 


<9>  RECOVERY  RINSING 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*.  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  too 

YES 

0. 10000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3  R  A  M 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

A  MANPOWER  REQUIREMENT 

0.  5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S  ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.  05000 

6  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.  100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.0 

MUCH  MORE  .THAN  CONV 

0.  100 

YES 

0.00000 

S  INVESTMENT  COST 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.  03000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.07000 

10  MATERIALS 

i.a 

SAME  AS  EXISTING 

0.  100 

YES 

0.10000 

TOTAL 

0.  60000 

<10>  CONDUCTIVITY  CELLS 

• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

#  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3 

RAM 

0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

A 

MANPOWER  REQUIREMENT  0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S 

ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

6 

SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0. 100 

YES 

0. 10000 

7 

FACILITY  SPACE 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

8 

INVESTMENT  COST  * 

0.3 

SLIGHTLY  MORE  THAN 

CONV 

0.  100 

YES 

0.03000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN 

CONV 

0.  100 

YES 

0.07000 

1.0  SAME  AS  EXISTING 


10  MATERIALS 


0. 100  YES  0. 10000 


an  SPRAY  RINSES 


i 


% 

%• 

>: 

> 

V 


I 


• 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

RESPONSE  TIME 

1.8 

ADEQUATE 

8.  188 

YES 

8.  18888 

2 

QUALITY  IMPACT 

8. 3 

SAME  AS  EXISTING 

8.  tea 

YES 

8.85888 

3 

RAM 

8.5 

SAME  AS  CONV 

8. 188 

YES 

8.85888 

A 

manpower  requirement 

8.5 

SAME  AS  EXISTING 

8.  188 

YES 

8.85888 

S 

ENERGY  DEMAND 

8.5 

SAME  AS  CONV 

8. 188 

YES 

Ik  fTIkfkf 

6 

SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.  188 

YES 

8. 18888 

7 

FACILITY  SPACE 

8.5 

SAW  AS  CONV 

8. 188 

YES 

8.85888 

8 

INVESTMENT  COST 

8.3 

SLIGHTLY  MORE  THAN 

CONV 

8.  188 

YES 

8.83888 

9 

OPERATING  COST 

8.7 

SLIGHTLY  LESS  THAN 

CONV 

8. 188 

YES 

8.87888 

18 

MATERIALS 

1.8 

SAME  AS  EXISTING 

8.188 

YES 

8.18888 

TOTAL  . 

8.85888 

104 


RDTiE  ASSESSMENT  SCORES 
Recovery  Technologies 

7  ION  TRANSFER 

S  ION  EXCHANGE 

5  ELECTRODIAL VS IS 
g  ELECTROLYTIC 

1  COUPLED  TRANSPORT  MEMBRANES 

2  EVAPORATION 

4  REVERSE  OSMOSIS 
8  OONNAN  DIALYSIS 


i  1>  COUPLED  TRANSPORT  MEMBRANES 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

a.  e 

INADEQUATE 

0. 100 

YES 

0.  00000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.  05000 

3  R  *  M 

.  0.0 

WORSE  THAN  CONV 

0.  100 

YES 

0.00000 

4  MANPOWER  REQUIREMENT  3.  S 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

S  ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.  03000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.100 

YES 

We  wwwvw 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.  03000 

S  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  100 

YES 

0. 07000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 


(2)  EVAPORATION 


« 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

duality  IMPACT 

0.5 

SAME  AS  EXISTING 

0.100 

YES 

0.05000 

3 

Ml) 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.05000 

4 

MANPOWER  requirement 

0.  5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

5 

ENERGY  DEMAND 

0.0 

MUCH  GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

S 

SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.  00000 

7 

FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0.  100 

YES 

0.  03000 

3 

INVESTMENT  COST 

a.  a 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.  00000 

9 

OPERATING  COST 

0.  7 

SLIGHTLY  LESS  THAN  CONV 

1.  ISO 

YES 

0.  07000 

10 

MATERIALS 

1.0 

SAME  os  EXISTING 

0. 100 

YES 

0.  10000 

TOTAL 


a. 


105 


<7)  iLECTRQDlALYSlS 


» 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

»  VALUE 

1 

RESPONSE  TIMS 

1.0 

ADEQUATE 

0.  100 

YES 

a.  loaao 

7 

QUALITY  i-.PACT 

a.s 

SAME  AS  EXISTING 

a.  lisa 

YES 

a.  0SOO0 

7 

R  1  H 

o.s 

SAME  AS  CONV 

a.  loa 

YES 

a.  ocoaa 

4 

MANPOWER  REQUIREMENT 

a.  s 

SAME  AS  EXISTING 

a.  lea 

YES 

0.  05000 

S 

ENERGY  DEMAND 

a.  3 

SLIGHTLY  GREATER  THAN  CONV 

a.  tea 

YES 

a.  03O00 

E 

SKILL  REQUIREMENT 

a.  a 

GREATER  THAN  CONV 

a.  tee 

YES 

a.  00000 

7 

FACILITY  SPACE 

a. : 

SLIGHTLY  MORE  THAN  CONV 

a.  lee 

YES 

a. 03000 

8 

INVESTMENT  COST 

a.  a 

MUCH  MORE  THAN  CONV 

a.  toe 

YES 

a.aooea 

9 

OPERATING  COST 

a.  7 

SLIGHTLY  LESS  THAN  CONV 

a.  iaa 

YES 

a.  07000 

10 

MATERIALS 

l.a 

SAME  AS  EXISTING 

a.  iaa 

YES 

a. 1O0B0 

TOTAL 

a. 

<41 

• 

REVERSE  OSMOSIS 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

1.0 

ADEQUATE 

a.  tea 

YES 

0.  10000 

2 

QUALITY  IMPACT 

a.  s 

SAME  AS  EXISTING 

a.  iaa 

YES 

0.05000 

3 

Mil 

a.  5 

SAME  AS  CONV 

a.  iaa 

YES 

a. 05000 

4 

MANPOWER  REQUIREMENT 

a.  a 

INCREASES  MANPOWER  NEEDS 

a.  iaa 

YES 

0. 00000 

S 

ENERGY  DEMAND 

a.  3 

SLIGHTLY  GREATER  THAN  CONV 

a.  iaa 

YES 

O. 03000 

6 

SKILL  REQUIREMENT 

a.  a 

GREATER  THAN  CONV 

a.  iaa 

YES 

a. 0003O 

7 

FACILITY  SPACE 

a.  3 

SLIGHTLY  MORE  THAN  CONV 

a.  tee 

YES 

a.  03000 

3 

INVESTMENT  COST 

i.e 

MUCH  LESS  THAN  CONV 

a.  loo 

YES 

o. 10000 

9 

OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

a.  iso 

YES 

0.  07000 

ie 

MATERIALS 

t.e 

SAME  AS  EXISTING 

a.  tee 

YES 

a. looaa 

OTAL 


a, 


•5>  ION  exchange 


*  FACTCfl  NAME  MP 

SELECTION  DESCRIPTION 

..EIGHT 

,  /N 

*  VALUE 

l  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

ves 

0.  10230 

2  DUALITY  impact 

S.3 

SAME  AS  EXISTING 

0.100 

YES 

a.  09000 

Jill 

a.  s 

SAME  AS  CONV 

0. 100 

YES 

0.  0S000 

4  MANPOWER  REQUIREMENT 

0.  5 

SAME  AS  EXISTINO 

0.  100 

YES 

0.  05000 

9  ENERGY  DEMAND 

3.  S 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  RECUIAEMENT 

c.a 

GREATER  THAN  CONV 

0.  ISO 

YES 

0.00000 

7  FACILITY  SPACE 

a.c 

SLIGHTLY  MORE  THAN  CONV 

a.  iso 

YES 

0.  03C30 

3  INVESTMENT  COST 

C.  3 

MUCH  MORE  THAN  CONV 

0.  130 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.  ICO 

YES 

0. 07030 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

o.  toe 

YES 

a. iocca 

<6>  El.ECTBOl.YT  I C 

•  FACTOR  NAME 

1  RESPONSE  TIME 

2  DUALITY  IMPACT 
SKID 

A  MANPOWER  RECUIRE 

5  ENERGY  DEMAND 

6  SKILL  REQUt REMEN 

7  FACILITY  SPACE 
6  INVESTMENT  COST 
9  OPERATING  COST 

10  MATERIALS 


XALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

A  VALUE 

1.0 

OPSPL'ATE 

0.  130 

VIS 

2.  10C30 

0.5 

SAME  ft S  EXISTINO 

0.  ICO 

>£S 

C. 35000 

0.3 

SAME  AS  CONV 

0.  100 

VES 

2. 05220 

O.S 

SAME  AS  EXISTING 

a.  tec 

YES 

3. 35330 

0.1 

SLIGHTLY  GREATER  THAN  CONV 

0.  ICO 

YES 

0.  3.-333 

0.0 

GREATER  THAN  CONV 

a.  ioo 

YES 

0.  CP333 

O.S 

SLIGHTLY  MORE  THAN  CONV 

3.  ICO 

YES 

0. C2C3C 

e.  o 

MUCH  MORE  THAN  CCNV 

3.  ICO 

V  *£S 

C. 00C33 

0.  7 

SLIGHTLY  LESS  THAN  CONV 

0.  103 

YES 

0.  07C2O 

i.o 

SAME  AS  EXISTINO 

3.  100 

YES 

0. 10220 

<7)  I CM  TRANSFER 


0  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

o.  tee 

YES 

0.  18000 

2  QUALITY  IMPACT 

0.5 

SAME  OS  EXISTING 

a.  toe 

YES 

e.  esesa 

3  r  i  n 

0.5 

SAME  PS  CCNV 

8. 188 

YES 

8.  05800 

A  manpower  requirement 

0.5 

SAME  OS  EXISTING 

8.  108 

YES 

0.  05000 

S  ENERGY  DEMAND 

8.5 

SAME  OS  CONV 

8.183 

YES 

8. 05800 

6  SKILL  REQUIREMENT 

3.0 

GREATER  THAN  CONV 

8.  188 

YES 

8. 08800 

7  FACILITY  SPACE 

0.5 

SLIGHTLY  MORE  THAN 

CCNV 

8.  108 

YES 

0.  03000 

8  INVESTMENT  COST 

8.3 

SLIGHTLY  MORS  THAN 

CONV 

8. 133 

YES 

0.  35000 

9  OPERATING  COST 

8.7 

SLIGHTLY  less  than 

CONV 

8.  108 

YES 

0. 07eO0 

18  MATERIALS 

1.0 

SAME  OS  EXISTING 

q.  iec 

YES 

0.  10803 

TOTAL 

8. 55080 

<B>  DGNNAN  DIALYSIS 


•  FACTOR  NAME 

value 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

0.8 

INADEQUATE 

a.  ice 

YES 

0.08000 

2  QUALITY  IMPACT 

8.5 

same  as  existing 

0.  108 

YES 

8.85888 

3  R  *  M 

0.8 

WORSE  THAN  CONV 

B.  100 

YES 

0. 00008 

A  MANPOWER  REQUIREMENT  0.5 

same  as  existing 

8.  108 

YES 

8. 85088 

S  ENERGY  DEMAND 

8.3 

SLIGHTLY  GREATER  THAN  CONV 

8.  ICO 

YES 

8. 85880 

6  SKILL  REQUIREMENT 

8.8 

GREATER  THAN  C3NV 

0.  108 

YES 

0.C3000 

7  FACILITY  SPACE 

8.5 

SLIGHTLY  MORE  THAN  CONV 

8.  108 

YES 

0. 05008 

8  INVESTMENT  COST 

0.8 

MUCH  MORE  THAN  CONV 

8.  108 

YES 

0.00088 

3  OPERATING  COST 

8.  7 

SLIGHTLY  LESS  THAN  CONV 

8.  108 

YES 

0. 87888 

10  MATERIALS 

t.e 

same  as  EXISTING 

8.  183 

YES 

0.  10808 

TOTAL 


e. 


RDTiE  ASSESSMENT  SCORES 
Chromium  Reduction 


2  SULFUR  COMPOUND  REDUCTION  .63 

4  FERROUS  SULFATE  -6 

1  INTEGRATED  TREATMENT  .43 

6  MATERIAL  RECOVERY  .48 

3  SACRFICIAL  IRON  ANODES  8 

5  SODIUM  BOROHYDRIDE  0 


<t>  INTEGRATED  TREATMENT 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

HEIGHT 

Y/N 

•  VALUE 

I  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  too 

YES 

0.10000 

2  OURLITY  IMPACT 

0.3 

SAME  AS  EXISTING 

o.  too 

YES 

0.03000 

3  R  t  M 

0.5 

SAME  AS  CONV 

0.100 

YES 

0.03000 

4  MANPOWER  REQUIREMENT  0.  S 

SAME  AS  EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0. 100 

YES 

0.00000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORE  THAN  CONV 

0. 100 

YES 

0.03800 

8  INVESTMENT  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

0.  too 

YES 

8.03000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

o.  too 

YES 

0.07000 

10  MATERIALS 

0.3 

SOME  NEW  REQUIREMENTS 

0.  100 

YES 

0.03000 

TOTAL  0.48000 


(2)  SULFUR  COMPOUND  REDUCTION 


0  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.100 

YES 

0. 10000 

2  QUALITY  IMPACT 

0.3 

rrnnr 

AS  EXISTING 

0. 100 

YES 

0.03000 

3  R  •  M 

8.3 

SAME 

AS  CONV 

o.  too 

YES 

0.03000 

A  MANPOWER  REQUIREMENT  0.3 

rnw* 

AS  EXISTING 

8.  100 

YES 

0.03000 

9  ENERGY  DEMAND 

0.3 

nfiMT 

an 

AS  CONV 

0.  too 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

CAMP 

AS  CONV 

0.  100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.03000 

0  INVESTMENT  COST 

0.3 

SAME 

AS  CONV 

0.  180 

YES 

0.03000 

9  OPERATING  COST 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.03000 

10  MATERIALS 

1.0 

SAME 

AS  EXISTING 

0. 100 

YES 

0.  10000 

TOTAL  0. 63060 


(3>  SRCRFICIAL  IRON  ANODES 


* 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

#  VALUE 

1 

RESPONSE  TIME 

t.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

QUALITY  IMPACT 

e.s 

SAME  AS  EXISTING 

0.  100 

YES 

0.  03000 

3 

R  t  M 

0.0 

WORSE  THAN  CONV 

a.  tee 

YES 

0.00000 

A 

MANPOWER  REQUIREMENT  0.3 

SAME  AS  EXISTING 

e.  tee 

YES 

0.  03000 

3 

ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

6 

SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

o.  100 

YES 

0.  10000 

7 

FACILITY  SPACE 

0.3 

SAME  AS  CONV 

a.  loo 

YES 

0.05000 

8 

investment  COST 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

9 

OPERATING  COST 

0.3 

SAME  AS  CONV 

0.  100 

YES 

0.03000 

10 

MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 

0. 

<4)  FERROUS  SULFATE 

*  FACTOR  NOME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.3 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.03000 

3  R  t  M 

0.3 

SAME 

AS 

CONV 

0.  100 

YES 

0.03000 

A  MANPOWER  REQUIREMENT 

0.5 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME 

AS 

CONV 

0.  100 

YES 

0.03000 

6  SKILL  REQUIREMENT 

1.0 

SAME 

AS 

CONV 

0.  too 

YES 

0.  10000 

7  FACILITY  SPACE 

0.3 

SAME 

AS 

CONV 

0.  100 

YES 

0.03000 

8  INVESTMENT  COST 

0.3 

SAME 

AS 

CONV 

0.  100 

YES 

0.03000 

9  OPERATING  COST 

0.3 

SAME 

AS 

CONV 

0.  100 

YES 

0.03000 

10  MATERIALS 

0.3 

SOME 

NEW  REQUIREMENTS 

0.  100 

YES 

0.03000 

TOTAL 


0.60000 


//■ 


<3>  SODIUM  BOROHVDRIDE 


•  FACTOR  NAME 

value 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

A  VALUE 

1  RESPONSE  TIME 

8.8 

INADEQUATE 

e.  tea 

YES 

8.88808 

2  QUALITY  IMPACT 

8.3 

SAME  AS  EXISTING 

8.188 

YES 

8.83880 

3  R  8  M 

8.8 

WORSE  THAN  CQNV 

a.  tae 

YES 

8.88888 

*  MANPOWER  REQUIREMENT  8.3 

SAME  AS  EXISTING 

a.  tae 

YES 

8.85888 

S  ENERGY  DEMAND 

8.3 

SAME  AS  CUNY 

8.188 

YES 

8.83888 

6  SKILL  REQUIREMENT 

t. a 

SAME  AS  CONV 

8.188 

YES 

8.  18800 

7  FACILITY  SPACE 

8.3 

SAME  AS  CONV 

a.  tea 

YES 

8.83888 

S  INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

8.  188 

YES 

8.08808 

9  OPERATING  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

8. 188 

YES 

8.83888 

tfl  MATERIALS 

8.3 

SOME  NEW  REQUIREMENTS 

8.  188 

YES 

8.05888 

total  e. 


(6)  MATERIAL  RECOVERY 


•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

l.S 

adequate 

8.  188 

YES 

8.  18888 

2  QUALITY  IMPACT 

8.3 

SAME  AS  EXISTING 

8. 188 

YES 

8.83888 

3  R  8  M 

8.3 

SAME  AS  CONV 

8.  108 

YES 

0.83888 

*  MANPOWER  REQUIREMENT 

8.3 

SAME  AS  EXISTING 

8. 188 

YES 

8.83888 

3  ENERGY  DEMAND 

8.3 

SLIGHTLY  GREATER  THAN  CONV 

a.  tea 

YES 

8.83888 

6  SKILL  REQUIREMENT 

8.8 

GREATER  THAN  CONV 

a.  lqa 

YES 

8.88088 

7  FACILITY  SPACE 

8.3 

SLIGHTLY  MORE  THAN  CONV 

8. 188 

YES 

8.83888 

8  INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

8.  188 

YES 

8.88808 

9  OPE RAT I NO  COST 

8.7 

SLIGHTLY  LESS  THAN  CONV 

a.  tee 

YES 

8. 87888 

18  MATERIALS 

1.8 

SAME  AS  EXISTING 

8.  188 

YES 

8.  18888 

TOTAL 

> 


e.  *8808 


w 

4 

j 

j 

n 


in 


ROTtE  ASSESSMENT  SCORES 


Cyanide  Oxidation 


3 

ALKALI  CHLORINATION 

.S3 

2 

INTEGRATED  TREATMENT 

.El 

1 

ELECTROLYIC 

.56 

S 

THERMAL  OXIDATION 

.  3» 

6 

OZONE 

.53 

6 

MATERIAL  RECOVERY 

.48 

(1)  ELECTROLYIC 

•  FACTOR  NAME 

VALUE  SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

t.a 

ADEQUATE 

8.188 

YES 

8.  18888 

2  QUALITY  IMPACT 

8.S 

SAME  AS  EXISTING 

8.  188 

YES 

8.83888 

3  R  *  M 

8.5 

SAME  AS  CONV 

8.  188 

YES 

8.83888 

A  MANPOWER  REQUIREMENT  0. 5 

SAME  AS  EXISTING 

8.  188 

YES 

8.83888 

S  ENERGY  DEMAND 

8.5 

SAME  AS  CONV 

8.  188 

YES 

8.85888 

6  SKILL  REQUIREMENT 

8.8 

GREATER  THAN  CONV 

8.  188 

YES 

8.88888 

7  FACILITY  SPACE 

8.3 

SLIGHTY  MORE  THAN  CONV 

8.  188 

YES 

8.83888 

8  INVESTMENT  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

8.  188 

YES 

8.83888 

9  OPERATING  COST 

1.8 

MUCH  LESS  THAN  CONV 

8. 188 

YES 

8.  18888 

18  MATERIALS 

1.8 

SAME  AS  EXISTING 

8.  188 

YES 

8.  18888 

TOTAL 

8.56888 

(2)  INTEGRATED  TREATMENT 

•  FACTOR  NAME 

VALUE  SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

*  VALUE 

1  RESPONSE  TIME 

1.8 

ADEQUATE 

8.  188 

YES 

8. 18888 

2  QUALITY  IMPACT 

8.5 

SAME  AS  EXISTING 

8.  tea 

YES 

8.83888 

mil 

8.5 

SAME  AS  CONV 

8.  IBB 

YES 

8.85888 

*  MANPOWER  REQUIREMENT  0.  S 

SAME  A8  EXISTING 

8. 188 

YES 

8.83888 

S  ENERGY  DEMAND 

8.5 

SAME  AS  CONV 

8.  188 

YES 

8.83888 

6  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.  tea 

YES 

8. 18888 

7  FACILITY  SPACE 

8.3 

SLIGHTY  MORE  THAN  CONV 

e.  tea 

YES 

8. 83888 

8  INVESTMENT  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

a.  tea 

YES 

8.83888 

9  OPERATING  COST 

8.5 

SAME  AS  CONV 

8.  188 

YES 

8.85888 

18  MATERIALS 

1.8 

SAME  AS  EXISTING 

8. 188 

YES 

8.  18888 

(3)  ALKALI  CHLORINATION 


• 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

#' VALUE 

1 

RESPONSE  TIME 

l.S 

ADEQUATE 

0.  100 

YES 

0.  10000 

2 

QUALITY  IMPACT 

0.5 

SAME 

AS 

EXISTING 

0.  100 

YES 

0. 05000 

3 

RAM 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

* 

MANPOWER  REQUIREMENT 

0.5 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.05000 

9 

ENERGY  DEMAND 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

6 

SKILL  REQUIREMENT 

1.0 

SAME 

AS 

CONV 

0.  100 

YES 

0. 10000 

7 

FACILITY  SPACE 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

0 

INVESTMENT  COST 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

9 

OPERATING  COST 

0.5 

SAME 

AS 

CONV 

0.  100 

YES 

0.05000 

!• 

MATERIALS 

1.0 

SAME 

AS 

EXISTING 

0.  100 

YES 

0.  10000 

TOTAL 

0.S5000 

(*>  OZONE 

•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.9 

ADEQUATE 

0.  100 

YES 

0. 10000 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3  R  *  M 

0.5 

SAME  AS  CONV 

0.  100 

YES 

0.00000 

0  MANPOWER  REQUIREMENT  0.5 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

9  ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  THAN  CONV 

0.  100 

YES 

0.03000 

•  SKILL  REQUIREMENT 

1.0 

SAME  AS  CONV 

0.100 

YES 

0. 10000 

7  FACILITY  SPACE 

0.3 

BLIGHTY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

S  INVESTMENT  COST 

0.0 

MUCH  MORE  (THAN  CONV 

0.100 

YES 

0.00000 

9  OPERATING  COST 

0.7 

SLIGHTLY  LESS  THAN  CONV 

0.100 

YES 

0.07000 

19  MATERIALS 

0.5 

SOME  NEW  REQUIREMENTS 

0.100 

YES 

0.05000 

<5>  THERMAL  OXIDATION 


« 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

1.8 

ADEQUATE 

0.  188 

YES 

0.  18008 

2 

QUALITY  IMPACT 

8.5 

SAME  AS  EXISTING 

0.  108 

YES 

8.05880 

3 

RAM 

0.5 

SAME  AS  CONV 

8.  188 

YES 

8.85088 

A 

MANPOWER  REQUIREMENT  0.S 

SAME  AS  EXISTING 

8. 100 

YES 

0.85008 

S 

ENERGY  DEMAND 

8.3 

SLIGHTLY  GREATER  THAN  CONV 

8.  180 

YES 

8.83808 

6 

SKILL  REQUIREMENT 

0.8 

GREATER  THAN  CONV 

8.  180 

YES 

0.80880 

7 

FACILITY  SPACE 

8.3 

SLIGHTY  MORE  THAN  CONV 

8.  100 

YES 

8.83808 

8 

INVESTMENT  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

0.  108 

YES 

0.03080 

9 

OPERATING  COST 

1.8 

MUCH  LESS  THAN  CONV 

8.  180 

YES 

0.  10800 

10 

MATERIALS 

“1.0 

SAME  AS  EXISTING 

8.100 

YES 

• 

0.  10800 

TOTAL 

0.54080 

(S)  MATERIAL  RECOVERY 

0  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

o.  ieo 

YES 

0.  10888 

2  QUALITY  IMPACT 

0.5 

SAME  AS  EXIST !N0 

0.  180 

YES 

0.05880 

3  R  «  M 

0.5 

SAME  AS  CONV 

0.  100 

YES 

8.85800 

4  MANPOWER  REQUIREMENT 

8.5 

SAME  AS  EXISTING 

0.  180 

YES 

0.85000 

S  ENERGY  DEMAND 

0.3 

SLIGHTLY  GREATER  THAN  CONV 

f.180 

YES 

0.03000 

S  SKILL  REQUIREMENT 

0.0 

0 REA TER  THAN  CONV 

0.100 

YES 

0.80880 

7  FACILITY  SPACE 

8.3 

BLIGHTY  MORE  THAN  CONV 

0.  100 

YES 

0.03000 

0  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  180 

YES 

0.08800 

9  OPERATING  COST 

0.7 

SLIOHTLY  LESS  THAN  CONV 

0.  100 

YES 

0.07000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0. 100 

YES 

0.10000 

RDT&E  ASSESSMENT  SCORES 
Metals  Removal 


1  HYDROXIDE  PRECIP 
5  SULFIDE  PRECIP 

5  OZONE 

2  SODIUM  BOROHYDRIOE 

4  ultrafitration 

6  INSOLUBLE  STARCH 

7  ELECTROLYTIC 

8  FREEZE  CRYSTAL 


.63 

.SB 

.31 

8 

8 

a 

8 

8 


<1>  HYDROXIDE  PRECIP 

•  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

l  RESPONSE  TIME 

1.8 

ADEQUATE 

8.  188 

YES 

0.  10008 

2  QUALITY  IMPACT 

8.3 

SAME 

AS 

EXISTING 

8. 188 

YES 

8.83880 

3  R  t  M 

8.3 

SAME 

AS 

CONV 

8.188 

YES 

8.83088 

4  MANPOWER  REQUIREMENT  8.3 

SAME 

AS 

EXISTING 

8.  180 

YES 

0.03880 

3  ENERGY  DEMAND 

8.3 

SAME 

AS 

CONV 

8. 108 

YES 

0.83888 

6  SKILL  REQUIREMENT 

i.a 

SAME 

AS 

CONV 

8.  188 

YES 

8.  10808 

7  FACILITY  SPACE 

8.3 

SAME 

AS 

CONV 

8.  188 

YES 

0.03888 

8  INVESTMENT  COST 

8.3 

SAME 

AS 

CONV 

8. 188 

YES 

8.83888 

9  OPERATING  COST 

8.3 

SAME 

AS 

CONV 

8.188 

YES 

8.  03880 

18  MATERIALS 

1.8 

SAME 

AS 

EXISTING 

8.  180 

YES 

8.  18880 

TOTAL 

8. 63888 

(2)  SODIUM  BOROHYDRIOE 

•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

8.8 

INADEQUATE 

8. 180 

YES 

e.eeeaa 

2  quality  IMPACT 

8.3 

SAME  AS  EXISTING 

8.  188 

YES 

0.  83088 

3Rin 

8.  S 

SAME  AS  CONV 

b.  tea 

YES 

0.83888 

4  MANPOWER  REQUIREMENT 

8.3 

SAME  AS  EXISTING 

a.  tea 

YES 

8.03080 

3  ENERGY  DEMAND 

0.5 

SAME  AS  CONV 

a.  tea 

YES 

0.  85008 

6  SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.  108 

YES 

8.  18800 

7  FACILITY  SPACE 

0.3 

SAME  AS  CONV 

8.  tea 

YES 

8.85080 

S  INVESTMENT  COST 

8.0 

MUCH  MORE  THAN  CONV 

e.  tee 

YES 

8.08888 

3  OPERATING  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

a.  tea 

YES 

0. 05080 

10  MATERIALS 

8.3 

SOME  NEW  REQUIREMENTS 

a.  tee 

YES 

0.  83C08 

#  FACTOR  NAME 


VALUE  SELECTION  DESCRIPTION 


WEIGHT  Y/N  »  VALUE 


1 

RESPONSE  TIME 

1.2 

adequate 

a.  iea 

YES 

a.  1000a 

2 

QUALITY  IMPACT 

a.  5 

SAME  AS  EXISTING 

a.  laa 

YES 

a.  O5000 

3 

R  4  M 

a.  5 

SAME  AS  CONV 

a.  102 

YES 

a.  05000 

4 

MANPOWER  REQUIREMENT 

2.5 

SAME  AS  EXISTING 

a.  laa 

YES 

a.  esoaa 

S 

ENERGY  DEMAND 

a.  3 

SLIGHTLY  GREATER  THAN  CONV 

a.  iea 

YES 

a. 0300a 

6 

SKILL  REQUIREMENT 

l.a 

SAME  AS  CONV 

a.  iea 

YES 

a. 10000 

7 

FACILITY  SPACE 

a.  3 

SLIGHTLY  MORE  THAN  CONV 

a.  iea 

YES 

a.  O3000 

g 

INVESTMENT  COST 

a.  a 

MUCH  MORE  THAN  CONV 

a.  laa 

YES 

0.00000 

8 

OPERATING  COST 

a.  s 

SAME  AS  CONV 

a.  iea 

YES 

a. 85000 

ia 

MATERIALS 

a.  5 

SOME  NEW  REQUIREMENTS 

a.  iea 

YES 

a. 85000 

TOTAL 

- 

a.siaaa 

<4>  ULTRAF I TRAT ICN 


» 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

tt  VALUE 

i 

RESPONSE  TIME 

i.a 

ADEQUATE 

0.  100 

YES 

a.  leaea 

QUALITY  IMPACT 

a.  s 

SAME  AS  EXISTING 

a.  iea 

YES 

0.05000 

T 

R  t  M 

a.  a 

WORSE  THAN  CONV 

a.  tea 

YES 

a.  00000 

* 

MANPOWER  REQUIREMENT  0.5 

SAME  AS  EXISTING 

a.  iaa 

YES 

B.BS000 

5  ENERGY  DEMAND 

a.  5 

SAME  AS  CONV 

a.  iea 

YES 

a.  0500O 

6 

SKILL  REQUIREMENT 

e.a 

GREATER  THAN  CONV 

a.  iaa 

YES 

a. 00000 

7 

FACILITY  SPACE 

i.a 

LESS  THAN  CONV 

a.  tea 

YES 

a.  leeea 

e 

INVESTMENT  COST 

a.  a 

MUCH  MORE  THAN  CONV 

a.  tea 

YES 

a.  eeoaa 

9 

OPERATING  COST 

a.  3 

SLIGHTLY  MORE  THAN  CONV 

a.  tea 

YES 

8.83800 

ia 

MATERIALS 

i.a 

SAME  AS  EXISTING 

a.  iea 

YES 

a.  loaaa 

TOTAL 


e. 


(6)  INSOLUBLE  STPRCH 


# 

FACTOR  NAME 

value 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

N  VALUE 

1 

RESPONSE  TIME 

a.  e 

inadequate 

8.  188 

YES 

8.  88888 

2  DUALITY  IMPACT 

a.s 

SAME  AS  EXISTING 

8.  188 

YES 

8.82888 

3 

R  »  M 

8.8 

WORSE  THAN  CONV 

8.  188 

YES 

8.  88888 

4 

MANPOWER  REQUIREMENT  8.  5 

SAME  AS  EXISTING 

8.  188 

YES 

8.82888 

S 

ENERGY  DEMAND 

8.2 

SAME  AS  CONV 

a.  tea 

YES 

e.aseee 

6 

SKILL  REQUIREMENT 

1.8 

SAME  AS  CONV 

8.188 

YES 

8.  18888 

7 

FACILITY  SPACE 

8.2 

SAME  AS  CONV 

8.  188 

YES 

8.82888 

a 

INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

8.  188 

YES 

8.88888 

9 

OPERATING  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

8.  188 

YES 

8.83888 

18 

MATERIALS 

8.2 

SOME  NEW  REQUIREMENTS 

8. 188 

YES 

8.82888 

TOTAL  0. 


(7)  ELECTROLYTIC 


8  FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

«  VALUE 

1 

RESPONSE  TIME 

8.8 

INADEQUATE 

8.  188 

YES 

8.88888 

2 

DUALITY  IMPACT 

8.2 

SAME  AS  EXISTING 

8.  188 

YES 

8.82888 

3 

R  4  M 

8.8 

WORSE  THAN  CONV 

8.  tea 

YES 

8.88888 

4 

MANPOWER  REQUIREMENT  8.2 

SAME  AS  EXISTING 

8. 188 

YES 

8.82888 

S 

ENERGY  DEMAND 

8.3 

SLIGHTLY  GREATER  THAN  CONV 

8. 188 

YES 

8.83888 

6 

SKILL  REQUIREMENT 

8.8 

GREATER  THAN  CONV 

8.  188 

YES 

8.88888 

7 

FACILITY  SPACE 

1.8 

LESS  THAN  CONV 

8. 188 

YES 

8.  18888 

8 

INVESTMENT  COST 

8.8 

MUCH  MORE  THAN  CONV 

8.  188 

YES 

8.88888 

9 

OPERATING  COST 

8.7 

SLIGHTLY  LESS  THAN  CONV 

8.  188 

YES 

8.87888 

18  MATERIALS 


1.8  SAME  AS  EXISTING 


8.  188  YES  8.  18888 


. 


<8>  FREEZE  crystal 


» 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

HEIGHT 

Y/N 

»  VALUE 

1 

RESPONSE  TIME 

8.8 

INADEQUATE 

8. 188 

YES 

8.88888 

2 

DUALITY  IMPACT 

8.3 

SAME  AS  EXISTING 

8.  188 

YES 

8.83888 

3 

R  &  M 

8.8 

WORSE  THAN  CONV 

8.188 

YES 

8.88888 

4 

MANPOWER  REQUIREMENT  8.3 

SAME  AS  EXISTING 

8. 188 

YES 

8.83888 

3 

ENERGY  DEMAND 

8.8 

MUCH  GREATER  THAN  CONV 

8. 188 

YES 

8.88888 

6 

SKILL  REQUIREMENT 

8.8 

GREATER  THAN  CONV 

8.  188 

YES 

8.88888 

7 

FACILITY  SPACE 

8.3 

SAME  AS  CONV 

8.188 

YES 

8.85888 

8 

INVESTMENT  COST 

8.3 

SLIGHTLY  MORE  THAN  CONV 

8.  188 

YES 

8.83888 

9 

OPERATING  COST 

8.8 

MUCH  MORE  THAN  CONV 

8. 188 

YES 

8.88888 

18 

MATERIALS 

1.8 

SAME  AS  EXISTING 

8.  188 

YES 

8.18888 

m 
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RDT4E  ASSESSMENT  SCORES 
Hazardous  Sludqe  Reduction 


1  SOLIDIFICATION  .  63 
3  SLUDGE  WASHING  .6 

2  SODIUM  BOROHYDRIDE  0 
A  HEAT  TRREATMENT  B 
5  SLUDGE  AGING  B 


<1>  SOLIDIFICATION 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

t.B 

ADEQUATE 

B.  IBB 

YES 

B.  10000 

2  QUALITY  IMPACT 

8.  S 

SAME  AS  EXISTING 

B.  IBB 

YES 

a.  85000 

3RIN 

B.S 

SAME  AS  CONV 

B.  IBB 

YES 

B.B5BBB 

A  MANPOWER  REQUIREMENT 

a.s 

SAME  AS  EXISTING 

a.  ibb 

YES 

0.05000 

S  ENERGY  DEMAND 

B.S 

SAME  AS  CONV 

B.  IBB 

YES 

B.B5BBB 

6  SKILL  REQUIREMENT 

l.a 

SAME  AS  CONV 

8.  IBB 

YES 

B.  10008 

7  FACILITY  SPACE 

B.3 

SLIGHTLY  MORRE  THAN  CONV 

B.  IBB 

YES 

B.B3BB0 

B  INVESTMENT  COST 

a.  b 

MUCH  MORE  THAN  CONV 

B.  IBB 

YES 

B.  00000 

9  OPERATING  COST 

1.8 

MUCH  LESS  THAN  CONV 

B.  IBB 

YES 

0. 1BBBB 

IB  MATERIALS 

l.B 

SAME  AS  EXISTING 

B.  IBB 

YES 

B.  10000 

TOTAL 

B.63BBB 

(2)  SODIUM  BOROHYDRIDE 

B  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

HEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

B.B 

INADEQUATE 

b.  iaa 

YES 

2  QUALITY  IMPACT 

B.5 

SAME  AS  EXISTING 

B.  IBB 

YES 

B.B5B0B 

3  R  •  H 

B.S 

SAME  AS  CONV 

0.  IBB 

YES 

0.05000 

4  MANPOWER  REQUIREMENT 

0.5 

SAME  AS  EXISTING 

B.  IBB 

YES 

B.B5BBB 

S  ENERGY  DEMAND 

B.S 

SAME  AS  CONV 

B.  IBB 

YES 

0.05000 

6  SKILL  REQUIREMENT 

l.B 

SAME  AS  CONV 

B.  IBB 

YES 

B. 1BBBB 

7  FACILITY  SPACE 

B.5 

SAME  AS  CONV 

B.  IBB 

YES 

B.BSBBB 

8  INVESTMENT  COST 

B.B 

MUCH  MORE  THAN  CONV 

8.  IBB 

YES 

B.BB0BB 

9  OPERATING  COST 

B.3 

SLIGHTLY  MORE  THAN  CONV 

B.  IBB 

YES 

0.B30BB 

IB  MATERIALS 

B.S 

SOME  NEW  REQUIREMENTS 

B.  IBB 

YES 

B.BSBBB 

TOTAL 


B. 
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(3)  SLUDGE  WASH I MG 


«  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1  RESPONSE  TIME 

1.0 

ADEQUATE 

0.  100 

YES 

0.  10000 

2  QUALITY  IMPACT 

0.3 

SAME 

AS  EXISTING 

0.  100 

YES 

0.  0S000 

SRAM 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.  05000 

A  MANPOWER  REQUIREMENT 

0.3 

SAME 

AS  EXISTING 

0.  100 

YES 

0.03000 

3  ENERGY  DEMAND 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.  05000 

6  SKILL  REQUIREMENT 

1.0 

SAME 

AS  CONV 

0.  100 

YES 

0.  10000 

7  FACILITY  SPACE 

0.3 

SAME 

AS  CONV 

0.  100 

YES 

0.05000 

8  INVESTMENT  COST 

0.0 

MUCH 

MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

1.0 

MUCH 

LESS  THAN  CONV 

0.  100 

YES 

0. 10000 

10  MATERIALS 

0.3 

SOME 

NEW  REQUIREMENTS 

0.  100 

YES 

0.05000 

TOTAL 


(A)  HEAT  TRREATMENT 


TOTAL 


120 


O.E00O0 


•  FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

HEIGHT 

Y/N 

»  VALUE 

1  RESPONSE  TIME 

0.0 

INADEQUATE 

0.  100 

YES 

0.00000 

2  QUALITY  IMPACT 

0.3 

SAME  AS  EXISTING 

0.  100 

YES 

0.05000 

3  R  «  M 

0.3 

SAME  AS  CONV 

0. 100 

YES 

0.05000 

4  MANPOWER  REQUIREMENT 

0.0 

INCREASES  MANPOWER  NEEDS 

0.  100 

YES 

0.00000 

3  ENERGY  DEMAND 

0.0 

MUCH  GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

6  SKILL  REQUIREMENT 

0.0 

GREATER  THAN  CONV 

0.  100 

YES 

0.00000 

7  FACILITY  SPACE 

0.3 

SLIGHTLY  MORRE  THAN  CONV 

0.  100 

YES 

0.03000 

8  INVESTMENT  COST 

0.0 

MUCH  MORE  THAN  CONV 

0.  100 

YES 

0.00000 

9  OPERATING  COST 

1.0 

MUCH  LESS  THAN  CONV 

0.  100 

YES 

0.  10000 

10  MATERIALS 

1.0 

SAME  AS  EXISTING 

0.  100 

YES 

0.  10000 

a. 
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<S>  SLUDGE  AGING 
•  FACTOR  NAME 


VALUE  SELECTION  DESCRIPTION 


WEIGHT  V/N  •  VALUE 


t  RESPONSE  TIME 

2  DUALITY  IMPACT 

3  r  t  n 


ADEQUATE 

SAME  AS  EXISTING 
SAME  AS  CONV 


A  MANPOWER  REQUIREMENT  8.8  INCREASES  MANPOWER  NEEDS 


5  ENERGY  DEMAND 

6  SKILL  REQUIREMENT 

7  FACILITY  SPACE 

8  INVESTMENT  COST 

9  OPERATING  COST 
18  MATERIALS 


SAME  AS  CONV 
SAME  AS  CONV 

SLIGHTLY  MORRE  THAN  CONV 
MUCH  MORE  THAN  CONV 
MUCH  LESS  THAN  CONV 
SAME  AS  EXISTING 


8. 188  YES  8. 

8.  188  YES  8. 

8. 188  YES  8. 

8. 188  YES  8. 

8. 188  YES  8. 

8. 188  YES  8. 

8. 188  YES  8. 

8. 188  YES  8. 

8. 188  YES  8.  18888 
8. 188  YES  8.  18888 


■  v  *  -  .  * .  ■ 
*  *•  \ 


cl  f.i.  »  ■  A  -*  >*-  >  -•  AV.  A> 


i  1  i  I  i ! !  i 


APPENDIX  B 


TIMER  RINSE  CONTROL  SYSTEM 


The  Naval  plating  shops  are  similar  to  private  industry  job 
shops  in  that  they  have  variations  and  fluctuations  in  pro¬ 
duction.  Most  lines  are  more  heavily  used  at  certain  times  than 
others.  Water  flow  rates  must  be  set  to  meet  these  peak  pro¬ 
duction  demands,  otherwise  plating  quality  would  diminish. 
Therefore,  in  periods  of  average  or  low  production,  water  use 
will  remain  at  the  high  rate  (usually  governed  by  flow  restric¬ 
tors)  which  results  in  wasted  water.  In  most  operations  this 
waste  is  50  percent  or  more. 

The  alternative  to  high  rate  continuous  rinse  water  use  on 
plating  lines  is  to  implement  a  demand  system.  When  the  rack  or 
barrel  is  placed  into  the  rinse  tank,  enough  water  is  then 
delivered  to  provide  adequate  rinsing.  The  water  flow  stops 
when  rinsing  is  complete.  This  can  be  accomplished  manually  by 
simply  turning  the  water  on  and  off  after  each  barrel  is  rinsed. 
However,  for  most  Naval  operations  this  is  impractical.  Also, 
since  this  practice  places  full  control  on  the  operator,  it  is 
subject  to  problems.  For  example,  if  a  valve  is  left  open  and 
water  is  continuously  fed,  the  treatment  system  could  be 
overloaded.  Another  demand  system,  which  is  automated  rather 
than  manual,  makes  use  of  conductivity  probes  which  are  placed 
in  the  rinse  tank.  When  the  probes  sense  a  high  concentration 
of  salts,  they  send  a  signal  to  a  controller  which  opens  a 
solenoid  valve.  The  valve  is  automatically  closed  after  the 
salt  concentration  is  reduced  to  a  set  point.  Such  systems  were 
popular  several  years  ago.  However,  nearly  every  installation 
was  plagued  with  maintenance  problems  and  most  units  have  been 
removed  from  operation. 

An  alternative  system  is  a  timer-controlled  rinse  system. 
This  system  consists  of:  a  pushbutton  which  is  mounted  on  the 
side  of  each  rinse  tank  (only  one  pushbutton  on  a  countercurrent 
rinse);  a  solenoid  valve  and  a  flow  restrictor,  both  installed 
on  the  incoming  water  line;  and  a  control  box  which  houses  the 
timers.  When  a  rack  or  barrel  is  placed  into  a  rinse  tank  the 
operator  pushes  the  button.  On  automatic  lines,  a  momentary 
contact  switch  starts  the  timer  when  a  rack  or  barrel  is  lowered 
into  the  rinse  tank.  In  either  case  this  action  opens  the 
solenoid  valve  for  a  preset  time  period,  usually  less  than  5 
minutes.  By  selecting  the  proper  size  flow  restrictor  and  timer 
setting,  the  volume  of  water  used  for  rinsing  each  rack  or 
barrel  can  be  controlled  with  great  accuracy.  The  timer  system 
places  some  responsibility  on  the  operator,  but  the  automatic 
shutoff  removes  any  potential  for  overusing  water  and 
overloading  the  treatment  system. 
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APPENDIX  C 

REVERSIBLE  RACK  TWO-BUS  BAR 
HARD  CHROMIUM  PLATING  SYSTEM 


1 


I 


The  most  widely  practiced  plating  operation  in  the  Navy  is 
hard  chromium  plating.  This  process  has  progressed  much  differ¬ 
ently  then  other  plating  technologies.  Hard  chromium  plating 
was  developed  in  the  Cleveland  area  approximately  35  years  ago. 
Most  of  the  hard  chrome  plating  is  still  performed  in  that  area. 
Information  on  the  hard  chromium  process  is  very  scarce,  unlike 
decorative  chrome,  nickel,  copper,  zinc,  cadmium,  and  other 
common  plating  processes.  Hard  chromium  plating  has  developed 
more  as  an  art  and  trade  rather  than  a  science. 

The  hard  chromium  procedures  used  in  the  Cleveland  area 
were  improved  rapidly  after  its  development.  The  dissemination 
of  these  technical  improvements  has  been  very  slow  and  as  a 
result  is  only  practiced  in  the  Cleveland  area. 

The  Cleveland  process  is  termed  Reversible  Rack  Two-Bus  Bar 
System.  This  method  of  plating  meets  all  military  specifica¬ 
tions.  The  two  major  differences  between  the  Cleveland  method 
and  Navy  practice  are  (1)  the  new  method  is  operated  at  140°F  to 
143®F,  the  Navy  practice  at  130°F;  and  (2)  two  bus  bars  (the 
copper  bar  which  carries  current  to  the  cathode  and  anode  bars) 
are  used  instead  of  the  usual  three. 

These  differences  provide  several  major  advantages.  First, 
the  higher  temperature  causes  additional  evaporation  in  the 
plating  tank.  This  allows  the  plater  to  rinse  parts  directly 
over  the  plating  bath.  The  rinse  water  merely  replenishes 
evaporative  losses.  This  results  in  zero  rinse  water  discharge. 
The  increased  evaporation  also  nearly  eliminates  pollutants  in 
the  air  ventilation  scrubber  system.  The  increased  mist  in  the 
ventilation  system  keeps  the  chromic  acid  from  drying  on  the 
walls  of  the  ducts.  By  installing  a  mist  eliminator,  nearly  all 
of  the  chromic  acid  removed  by  the  ventilation  is  returned. 

The  high  temperatures  also  increase  production.  Plating 
rates  for  the  Navy  process  are  typically  .002  mils  per  hour  on 
an  outside  diameter.  The  Cleveland  process  plating  rates  are 
.002  mils  to  .006  mils. 

The  rack  design  and  overall  system  operation  also  dramati¬ 
cally  increase  production.  With  the  Navy  process,  only  one  or 
two  parts  can  be  plated  at  a  single  time.  With  the  Cleveland 
process,  many  parts  can  be  plated  at  once — increasing  production 
several  times  over. 
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The  conversion  from  the  Navy  plating  process  to  the  Revers¬ 
ible  Rack  Two-Bus  Bar  System  is  not  difficult  or  expensive. 
Changes  to  the  racks,  bus  bars,  exhaust  system,  and  rectifiers 
are  required.  Typically,  this  will  cost  about  $5,000  to  $8,000 
per  plating  tank.  Since  the  process  increases  production,  less 
tanks  are  necessary  than  currently  used. 

The  benefits  from  the  conversion  include:  (1)  reduced 
treatment  requirements,  (2)  reduced  chromic  acid  losses,  and  (3) 
faster,  higher  and  better  production.  The  payback  is  difficult 
to  determine  but  is  most  likely  less  than  6  months. 
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APPENDIX  D 


HAZARDOUS  WASTE  TREATMENT  TECHNOLOGIES 


A.  GENERAL 

The  disposal  of  waste  treatment  residuals  (sludge)  is  a 
major  cost  item  in  electroplating  pollution  control.  These 
sludges  are  listed  by  EPA  as  hazardous  wastes.  They  must  be 
disposed  in  secure  landfills.  In  many  parts  of  the  country 
secure  sites  are  unavailable  and  the  wastes  must  be  transported 
long  distances. 

There  are  two  approaches  to  reducing  the  costs  and  associ¬ 
ated  burdens  of  sludge  disposal.  First,  the  sludge  volume  can 
be  reduced  which  will  proportionally  reduce  disposal  cost. 
Second,  the  waste  can  be  converted  to  a  nonhazardous  material 
(measured  by  the  EPA  Extraction  Procedure)  which  allows  the 
generator  to  petition  to  EPA  for  delisted  status.  If  successful 
the  generator  may  be  able  to  dispose  of  the  waste  in  less  costly 
local  landfills. 

The  Air  Force  and  Army  have  funded  basic  research  to  find 
ways  of  reducing  sludge  volume  and  the  hazardousness  of  the 
wastes.  Four  promising  technologies  were  identified.  These  are 
briefly  explained  in  this  appendix. 

B.  SLUDGE  AGING 

Several  years  ago  it  was  discovered  that  sludges  which  are 
allowed  to  air  dry  for  extended  periods  perform  better  under 
the  EPA  Extraction  Procedure  (EP),  i.e. ,  they  do  not  leach 
hazardous  amounts  of  toxic  metals.  The  aging  process  dries  the 
sludge  and  breaks  down  its  gelatinous  characteristics.  Sludge 
aging  has  been  tested  on  simulated  USAF  sludges  and  proved  to  be 
an  effective  method  of  detoxifying  these  wastes. 

C.  HEAT  TREATMENT 

Sludge  aging  takes  approximately  30  to  90  days  to  reach  a 
nonhazardous  state.  For  large  generators,  a  substantial  storage 
area  would  be  required  to  conduct  the  aging  process.  As  an 
alternate  method,  heat  treatment  can  be  used  to  speed  the 
drying  process.  Tests  on  USAF  wastes  indicate  that  during  a 
4-hour  leaching  period  at  80°C  to  100*C,  their  wastes  can  be 
rendered  nonhazardous. 
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SLUDGE  WASHING 


An  effective  method  of  reducing  the  volume  of  sludge 
generated  was  discovered  on  an  USAF  R&D  project.  The  method, 
termed  sludge  washing,  involves  the  addition  of  a  dilute  ammon¬ 
ium  chloride  solution  (5  to  10  percent)  to  a  dewatered  sludge 
and  a  second  dewatering  step.  The  process  appears  to  be  most 
applicable  to  sodium  hydroxide  sludges;  the  process  was  able  to 
increase  the  solids  content  by  22  percent.  The  sludge  remains 
hazardous  but  has  a  much  reduced  volume. 

E.  SODIUM  BOROHYDRIDE  PRECIPITATION 

The  conventional  lime  precipitation  process  is  used  at 
most  USAF  electroplating  wastewater  treatment  facilities. 
Sodium  hydroxide  is  also  used  to  some  extent,  but  has  demon¬ 
strated  poor  f loc-settling  characteristics.  Under  a  USAF  R&D 
project,  a  relatively  new  method  was  investigated,  sodium 
borohydride  precipitation,  which  removes  metals  better  than  the 
conventional  method  and  produces  only  about  one-third  the  amount 
of  sludge  as  lime  treatment. 

The  sodium  borohydride  process  can  be  used  in  existing 
precipitation  systems  with  some  modifications.  The  cost  of  the 
chemical  ($14  per  pound)  is  one  negative  aspect  of  the  process. 

F.  SOLIDIFICATION 

The  use  of  solidification  for  rendering  wastes  nonhazardous 
has  been  widely  investigated.  For  the  treatment  of  inorganic 
sludges  the  most  effective  systems  involve  the  use  of  Portland 
cements,  lime-based  mortars,  and  lime-pozzolan  cements  such  as 
lime. 

The  use  of  a  cement-fly  ash-sludge  mixture  was  investigated 
by  the  USAF  to  determine  the  applicability  of  the  process  to 
their  electroplating  wastewater  treatment  sludges.  The  results 
of  the  work  indicated  that  a  mixture  of  25  percent  cement,  25 
percent  fly  ash  and  50  percent  sludge  produced  a  hard  material 
that  tested  nonhazardous,  using  the  EP. 


